December  1994 
Volume  39,  Number  12 

ISSN  0020- 1324-RECACP 


RE/PIRATORVJ 


Call  for 
1 995  Open  Forum  Abstracts 


A  MONTHLY  SCIENCE  JOURNAL 
39TH  YEAR— ESTABLISHED  1956 

■  Editorials: 

CPGs  1994:  Where  Are  We?  Where 
Have  We  Been?  Where  Are  We  Going? 

Guideline  for  Prevention  of  Noscomial 
Pneumonia  and  Ventilator  Circuits:  Time  for 
Change? 

TB  Control  Guidelines  Deserve  Our  Attention, Too 

Aerosol  Research:  How  Should  We  Skin 
This  Cat? 

■  Connparison  of  Aerosol  Delivery  via  Circulaire 
System  vs  Conventional  Small  Volume 
Nebulizer 

■  Predicting  Aerosol  Deposition  during  Neonatal 
Ventilation:  Feasibility  of  Bench  Testing 

■  Clinical  Practice  Guidelines: 

Metabolic  Measurement  Using  Indirect 
Calorimetry  during  Mechanical  Ventilation 

Transcutaneous  Blood  Gas  Monitoring  for 
Neonatal  and  Pediatric  Patients 

Capillary  Blood  Gas  Sampling  for  Neonatal  and 
Pediatric  Patients 

Body  Plethysmography 

■  Guideline  for  Prevention  of  Noscomial 
Pneumonia 


For  Patients  Witti  Asttima 


Twice-Daily 

S&fe^erif 

(solmeferol  xinafoafe) 

inhalation  Aerosol 

Morning  and  Evening  Inhalation 
for  Active  Days  and  Restful  Nigtits 


SEREVENT  is  indicated  for  maintenance  treatment  of  asttima  and  prevention  of  bronctiospasm  in 
patients  12  years  of  age  and  older  witti  reversibie  obstructive  airway  disease,  including  patients  witti 
symptoms  of  nocturnal  asttima,  wtio  require  regular  treatment  witti  inflated,  stiort-acting  B2-agonists. 

Dosing  should  be  two  puffs  (42  \jg)  of  SEREVENT  Inhialafion  Aerosol,  twice  daily,  morning  and  evening, 
approximately  12  hours  apart. 

IMPORTANT:  SEREVENT  should  not  be  used  to  relieve  acute  asttima  symptoms. 

The  most  common  drug-related  adverse  events  reported  In  clinical  trials  were 
headache  (10%),  tremor  (3%),  and  cough  (3%).' 

Please  consult  Brief  Summary  ol  Prescribing  Inlormalion  on  adjacent  pages. 


Serevent® 

(salmeterol  xinafoate) 
Inhalation  Aerosol 


BRIEF  SUMMARY 


Bronchodilator  Aerosol 
For  Oral  Inhalation  Only 

The  following  is  a  brief  summary  only.  Before  prescribing,  see  complete  prescnbing  information 
in  Serevent"  Inhalation  Aerosol  product  labeling. 

CONTRAINDICATIONS:  Serevent*  Inhalation  Aerosol  is  contraindicated  in  patients  witti  a  history 
of  hypersensitivity  to  any  of  the  components, 

WARNINGS:  I .  Not  for  Use  to  Treat  Acute  Symptoms:  Watch  for  Increased  Need  for  Short-Acting 
Beta;-Aqonists:  Serevent'  inhalation  Aerosol  should  not  be  used  to  relieve  acute  asthma  symp- 
toms. If  the  patient's  short-acting,  inhaled  beta2-agonist  becomes  less  effective,  eg.  the  patient 
needs  more  inhalations  than  usual,  medical  evaluation  must  be  obtained  immediately  and 
increasing  use  of  Serevent  Inhalation  Aerosol  in  this  situation  is  inappropriate.  Serevent  Inhalation 
Aerosol  should  not  be  used  more  freguently  than  twice  daily  (morning  and  evening) 
at  the  recommended  dose  When  prescribing  Serevent  Inhalation  Aerosol,  patients  must  be 
provided  with  a  short-acting,  inhaled  betaj-agonist  (e.g.,  albuterol)  for  treatment  of  symptoms 
that  occur  despite  regular  twice-daily  (morning  and  evening)  use  of  Serevent. 

Asthma  may  deteriorate  acutely  over  a  period  of  hours  or  chronically  over  several  days.  In  this 
setting,  increased  use  of  inhaled,  short-acting  betaj-agonists  is  a  marker  of  destabilization  of 
asthma  and  reguires  re-evaluation  of  the  patient  and  consideration  of  alternative  treatment  regi- 
mens, especially  inhaled  or  systemic  corticosteroids  If  the  patient  uses  four  or  more  inhalations 
per  day  of  a  short-acting  beta2-agonist  on  a  regular  basis,  or  if  more  than  one  canister  (200 
inhalations  per  canister)  is  used  in  an  8-week  period,  then  the  patient  should  see  the  physician 
for  re-evaluation  of  treatment. 

2.  Use  With  Short-Acting  Beta?-Aaonists:  When  patients  begin  treatment  with  Serevent 
Inhalation  Aerosol,  those  who  have  been  taking  short-acting,  inhaled  beta2-agonists  on  a  regular 
daily  basis  should  be  advised  to  discontinue  their  regular  daily-dosing  regimen  and  should  be 
clearly  instructed  to  use  short-acting,  inhaled  beta2-agonists  only  for  symptomatic  relief  if  they 
develop  asthma  symptoms  while  taking  Serevent  Inhalation  Aerosol  (see  PRECAUTIONS:  Drug 
Interactions). 

3.  Serevent  Inhalation  Aerosol  Is  Not  a  Substitute  for  Oral  or  Inhaled  Corticosteroids:  Patients 
must  be  warned  not  to  stop  or  reduce  corticosteroid  therapy  without  medical  advice,  even  if  they 
feel  better  when  they  are  being  treated  with  Serevent. 

4.  Do  Not  Exceed  Recommended  Dose:  As  with  other  beta-adrenergic  aerosols.  Serevent 
Inhalation  Aerosol  should  not  be  used  in  excess  Fatalities  have  been  reported  in  association  with 
excessive  use  of  inhaled  sympathomimetic  drugs.  Large  doses  of  inhaled  or  oral  salmeterol  (12 
to  20  times  the  recommended  dose)  have  been  associated  with  clinically  significant  prolongation 
of  the  QTc  interval,  which  has  the  potential  for  producing  ventricular  arrhythmias 

5.  Paradoxical  Bronchospasm:  As  with  other  inhaled  asthma  medications,  paradoxical 
bronchospasm  (which  can  be  life-threatening)  has  been  reported  following  the  use  of  Serevent 
Inhalation  Aerosol  If  it  occurs,  treatment  with  Serevent  Inhalation  Aerosol  should  be  discontinued 
immediately  and  alternative  therapy  instituted 

6.  Immediate  Hvoersensitivitv  Reactions.  Immediate  hypersensitivity  reactions  may  occur  after 
administration  of  Serevent  Inhalation  Aerosol,  as  demonstrated  by  rare  cases  of  urticaria, 
angioedema,  rash,  and  bronchospasm 

PRECAUTIONS: 

General:  1 .  Use  with  Spacer  or  Other  Devices:  The  safety  and  effectiveness  of  Serevent® 

Inhalation  Aerosol  when  used  with  a  spacer  or  other  devices  have  not  been  adequately  studied. 

2.  Cardiovascular  and  Other  Effects:  No  effect  on  the  cardiovascular  system  is  usually  seen 
after  the  administration  of  inhaled  salmeterol  in  recommended  doses,  but  the  cardiovascular  and 
central  nervous  system  effects  seen  with  all  sympathomimetic  drugs  (eg  ,  increased  blood  pres- 
sure, heart  rate,  excitement)  can  occur  after  use  of  Serevent  Inhalation  Aerosol  and  may  reguire 
discontinuation  of  the  drug.  Salmeterol,  like  all  sympathomimetic  amines,  should  be  used  with 
caution  in  patients  with  cardiovascular  disorders,  especially  coronary  insufficiency,  cardiac 
arrhythmias,  and  hypertension:  in  patients  with  convulsive  disorders  or  thyrotoxicosis;  and  in 
patients  who  are  unusually  responsive  to  sympathomimetic  amines. 

As  has  been  described  with  other  beta-adrenergic  agonist  bronchodilators,  clinically  significant 
changes  in  systolic  and/or  diastolic  blood  pressure,  pulse  rate,  and  electrocardiograms  have 
been  seen  infrequently  in  individual  patients  in  controlled  clinical  studies  with  salmeterol, 

3.  Metabolic  Effects:  Doses  of  the  related  beta2-adrenoceptor  agonist  albuterol,  when  adminis- 
tered intravenously,  have  been  reported  to  aggravate  pre-existing  diabetes  mellitus  and  ketoaci- 
dosis. No  effects  on  glucose  have  been  seen  with  Serevent  Inhalation  Aerosol  at  recommended 
doses.  Administration  of  beta2-adrenoceptor  agonists  may  cause  a  decrease  in  serum  potassi- 
um, possibly  through  intracellular  shunting,  which  has  the  potential  to  increase  the  likelihood  of 
arrhythmias.  The  decrease  is  usually  transient,  not  requiring  supplementation 

Clinically  significant  changes  in  blood  glucose  and/or  serum  potassium  were  seen  rarely  dur- 
ing clinical  studies  with  long-term  administration  of  Serevent  Inhalation  Aerosol  at  recommended 
doses. 

Information  for  Patients:  See  illustrated  Patient's  Instructions  for  Use.  SHAKE  WELL  BEFORE 
USING.  Patients  should  be  given  the  following  information: 

1 .  Not  tor  Use  to  Treat  Acute  Symptoms:  Serevent  Inhalation  Aerosol  is  not  meant  to  relieve 
acute  asthmatic  symptoms.  Acute  symptoms  should  be  treated  with  an  inhaled,  short-acting 
bronchodilator  that  has  been  prescribed  by  a  physician  for  symptom  relief. 

2.  Do  Not  Exceed  Recommended  Dose:  The  bronchodilator  action  of  salmeterol  usually  lasts 
for  at  least  1 2  hours.  Therefore  it  should  not  be  used  more  often  than  every  1 2  hours. 

3.  Use  with  Other  Medications:  While  using  Serevent  Inhalation  Aerosol,  other  inhaled  medi- 
cines should  be  taken  only  as  directed  by  the  physician. 

4.  Use  with  Short-Actinq.  Inhaled  Beta-Agonists:  While  using  Serevent  Inhalation  Aerosol, 
medical  attention  should  be  sought  immediately  if  the  short-acting  bronchodilator  treatment 
becomes  less  effective  for  symptom  relief,  if  more  inhalations  than  usual  are  needed,  or  if  more 
than  the  maximum  number  of  inhalations  of  short-acting  bronchodilator  treatment  prescribed  for 
a  24-hour  period  are  needed.  If  the  patient  uses  four  or  more  inhalations  per  day  of  a  short-act- 
ing beta2-agonist  on  a  regular  basis,  or  if  more  than  one  canister  (200  intialations  per  canister)  is 
used  in  an  8-week  period,  then  the  patient  should  see  the  physician  for  re-evaluation  of  treat- 
ment. 

Patients  should  be  cautioned  regarding  potential  adverse  cardiovascular  effects,  such  as  palpi- 
tations or  chest  pain,  related  to  the  use  of  additional  beta2-agonist 

5.  Use  of  Systemic  or  Inhaled  Steroids:  Serevent  Inhalation  Aerosol  does  not  replace  oral  or 
inhaled  corticosteroids;  the  dosage  of  these  medicines  should  not  be  changed  and  they  should 
not  be  stopped  without  consulting  the  physician,  even  il  the  patient  feels  better. 

6.  Use  for  Exercise-Induced  Bronchospasm:  When  using  Serevent  Inhalation  Aerosol  to  prevent 
exercise-induced  bronchospasm,  the  dose  should  be  administered  at  least  30  to  60  minutes 
before  exercise. 


Dnig  Interactions:  Short-Acting  Beta-Agonists:  In  ttie  two  3-month,  repetitive-dose  clinical 

trials  (n=l  84),  the  mean  daily  need  for  additional  beta2-agonlst  use  was  1  to  1 V2  inhalations  per 
day,  but  some  patients  used  more.  Eight  percent  of  patients  used  at  least  eight  inhalations  per 
day  at  least  on  one  occasion.  Six  percent  used  9  to  12  inhalations  at  least  once  There  were  15 
patients  (8%)  who  averaged  over  four  inhalations  per  day  Four  of  these  used  an  average  of  8  to 
1 1  inhalations  per  day.  In  these  1 5  patients  there  was  no  observed  increase  in  frequency  of  car- 
diovascular adverse  events.  The  safety  of  concomitant  use  of  more  than  eight  inhalations  per  day 
of  short-acting  beta2-agonists  with  Serevent'-  (salmeterol  xinafoate)  Inhalation  Aerosol  has  not 
been  established  In  15  patients  who  experienced  worsening  of  asthma  while  receiving  Serevent 
Inhalation  Aerosol,  nebulized  albuterol  (one  dose  in  most)  led  to  improvement  in  FEV,  and  no 
increase  in  occurrence  of  cardiovascular  adverse  events 

Monoamine  Oxidase  Inhibitors  and  Tricyclic  Antidepressants:  Salmeterol  should  be  adminis- 
tered with  extreme  caution  to  patients  being  treated  with  monoamine  oxidase  inhibitors  or  tricyclic 
antdepressants  because  the  action  of  salmeterol  on  the  vascular  system  may  be  potentiated  by 
these  agents 

Corticosteroids  and  Cromoglycate:  In  clinical  trials,  inhaled  corticosteroids  and/or  inhaled 
cromolyn  sodium  did  not  alter  the  safety  profile  of  Serevent  Inhalation  Aerosol  when  administered 
concurrently 

Methylxanthines:  The  concurrent  use  of  intravenously  or  orally  administered  methylxanthmes 
(eg  .  aminophylllne.  theophylline)  by  patients  receiving  Serevent  Inhalation  Aerosol  has  not  been 
completely  evaluated  In  one  clinical  trial,  87  patients  receiving  Serevent  Inhalation  Aerosol  42 
meg  twice  daily  concurrently  with  a  theophylline  product  had  adverse  event  rates  similar  to  those 
in  71  patients  receiving  Serevent  Inhalation  Aerosol  without  theophylline  Resting  heart  rates 
were  slightly  higher  in  the  patients  on  theophylline  but  were  little  affected  by  Serevent  Inhalation 
Aerosol  therapy. 

Carcinogenesis,  Mutagenesis,  Impairment  of  Fertility:  In  an  1 8-month  oral  carcinogenicity 
study  in  CD-mice,  salmeterol  xinafoate  caused  a  dose-related  increase  in  the  incidence  of 
smooth  muscle  hyperplasia,  cystic  glandular  hyperplasia,  and  leiomyomas  of  the  uterus  and  a 
dose-related  increase  in  the  incidence  of  cysts  in  the  ovanes  A  higher  incidence  of  leiomyosarco- 
mas was  not  statistically  significant;  tumor  findings  were  observed  at  oral  doses  of  1  4  and  1 C 
mg/kg.  which  gave  9  and  63  times,  respectively,  the  human  exposure  based  on  rodent:human 
AUC  comparisons 

Salmeterol  caused  a  dose-related  increase  in  the  incidence  of  mesovarian  leiomyomas  and 
ovarian  cysts  in  Sprague  Dawley  rats  in  a  24-month  inhalation/oral  carcinogenicity  study.  Tumors 
were  observed  in  rats  receiving  doses  of  0.68  and  2.58  mg/kg  per  day  (about  55  and  215  times 
the  recommended  clinical  dose  [mg/m2]).  These  findings  in  rodents  are  similar  to  those  reported 
previously  for  other  beta-adrenergic  agonist  drugs  The  relevance  of  these  findings  to  human  use 
is  unknown. 

No  significant  effects  occurred  in  mice  at  0.2  mg/kg  (1.3  times  ttie  recommended  clinical  dose 
based  on  comparisons  of  the  AUCs)  and  in  rats  at  0.21  mg/kg  (1 5  times  the  recommended  clini- 
cal dose  on  a  mg/m2  basis) 

Salmeterol  xinafoate  produced  no  detectable  or  reproducible  increases  in  microbial  and  mam- 
malian gene  mutation  in  vitro  No  blastogenic  activity  occurred  in  vitro  in  human  lymphocytes  or 
in  vivo  in  a  rat  micronucleus  test.  No  effects  on  fertility  were  identified  in  male  and  female  rats 
treated  orally  with  salmeterol  xinafoate  at  doses  up  to  2  mg/kg  orally  (about  1 60  times  the  rec- 
ommended clinical  dose  on  a  mg/m^  basis). 

Pregnancy:  Teratogenic  Effects:  Pregnancy  Category  C:  No  significant  effects  of  maternal 
exposure  to  oral  salmeterol  xinafoate  occurred  in  the  rat  at  doses  up  to  the  equivalent  of  about 
160  times  the  recommended  clinical  dose  on  a  mg/m^  basis.  Dutch  rabbit  fetuses  exposed  to 
salmeterol  xinafoate  in  utero  exhibited  effects  charactenstically  resulting  from  beta-adrenoceptor 
stimulation;  these  included  precocious  eyelid  openings,  cleft  palate,  sternebral  fusion,  limb  and 
paw  flexures,  and  delayed  ossification  of  the  frontal  cranial  bones.  No  significant  effects  occurred 
at  0.6  mg/kg  given  orally  (12  times  the  recommended  clinical  dose  based  on  comparison  of  the 
AUCs). 

New  Zealand  White  rabbits  were  less  sensitive  since  only  delayed  ossification  of  the  frontal 
bones  was  seen  at  1 0  mg/kg  given  orally  (approximately  1 .600  times  the  recommended  clinical 
dose  on  a  mg/m2  basis)  Extensive  use  of  other  beta-agonists  has  provided  no  evidence  that 
these  class  effects  in  animals  are  relevant  to  use  in  humans  There  are  no  adequate  and  well- 
controlled  studies  with  Serevent  Inhalation  Aerosol  in  pregnant  women.  Serevent  Inhalation 
Aerosol  should  be  used  during  pregnancy  only  if  the  potential  benefit  justifies  the  potential  nsk  to 
the  fetus 

Use  in  Labor  and  Oelivery:  There  are  no  well-controlled  human  studies  that  have  investigated 
effects  of  salmeterol  on  preterm  labor  or  labor  at  term  Because  of  the  potential  for  beta-agonist 
interference  with  uterine  contractility,  use  of  Serevent  Inhalation  Aerosol  during  labor  should  be 
restricted  to  those  patients  in  whom  the  benefits  clearly  outweigh  the  risks. 
Nursing  Mothers:  Plasma  levels  of  salmeterol  affer  inhaled  therapeutic  doses  are  very  low  (85  to 
200  pg/mL)  in  humans  In  lactating  rats  dosed  with  radiolabeled  salmeterol.  levels  of  radioactivity 
were  similar  in  plasma  and  milk  In  rats,  concentrations  of  salmeterol  in  plasma  and  milk  were 
similar  The  xinaloate  moiety  is  also  transferred  to  milk  in  rats  at  concentrations  of  about  half  the 
corresponding  level  in  plasma  However,  since  there  is  no  experience  with  use  of  Serevent 
Inhalation  Aerosol  by  nursing  mothers,  a  decision  should  be  made  whether  to  discontinue  nursing 
or  to  discontinue  the  drug,  taking  into  account  the  importance  of  the  drug  to  the  mother  Caution 
should  be  exercised  when  salmeterol  xinafoate  is  administered  to  a  nursing  woman. 
Pediatric  Use:  The  safety  and  effectiveness  of  Serevent  Inhalation  Aerosol  in  children  younger 
than  1 2  years  of  age  have  not  been  established. 

Geriatric  Use:  Of  the  total  number  of  patients  who  received  Serevent  Inhalation  Aerosol  in  all 
clinical  studies,  241  were  65  years  and  older.  Geriatric  patients  (65  years  and  older)  with 
reversible  obstructive  airway  disease  were  evaluated  in  four  well-controlled  studies  of  3  weeks' 
to  3  months'  duration.  Two  placebo-controlled,  crossover  studies  evaluated  twice-daily  dosing 
with  salmeterol  for  21  to  28  days  in  45  patients.  An  additional  75  geriatric  patients  were  treated 
with  salmeterol  for  3  months  in  two  large  parallel-group,  multicenter  studies  These  1 20  patients 
experienced  increases  in  AM  and  PM  peak  expiratory  flow  rate  and  decreases  in  diurnal  variation 
in  peak  expiratory  flow  rate  similar  to  responses  seen  in  the  total  populations  of  the  two  latter 
studies.  The  adverse  event  type  and  frequency  in  geriatric  patients  were  not  different  from  those 
of  the  total  populations  studied. 

No  apparent  differences  in  the  efficacy  and  safety  of  Serevent  Inhalation  Aerosol  were 
observed  when  geriatric  patients  were  compared  with  younger  patients  in  clinical  trials  As  with 
other  beta2-agonists.  however,  special  caution  should  be  observed  when  using  Serevent 
Inhalation  Aerosol  in  elderly  patients  who  have  concomitant  cardiovascular  disease  that  could  be 
adversely  affected  by  this  class  of  drug.  Based  on  available  data,  no  adjustment  of  salmeterol 
dosage  in  geriatric  patients  is  wan'anted. 

ADVERSE  REACTIONS;  Adverse  reactions  to  salmeterol  are  similar  in  nature  to  reactions  to  other 
selective  beta2-adrenoceptor  agonists,  i.e.,  tachycardia;  palpitations,  immediate  hypersensitivity 
reactions,  including  urticaria,  angioedema,  rash,  bronchospasm  (see  WARNINGS);  headache; 
tremor;  nervousness;  and  paradoxical  bronchospasm  (see  WARNINGS). 

Two  multicenter,  12-week,  controlled  studies  have  evaluated  twice-daily  doses  of  Serevent" 
Inhalation  Aerosol  in  patients  1 2  years  of  age  and  older  with  asthma.  The  following  table  reports 
the  incidence  of  adverse  events  in  these  two  studies. 


Serevenf^  (salmeterol  xinafoate)  Inhalation  Aerosol 

Adverse  Experience  Incidence  in  Two  Large  12-Week  Clinical  Trials* 


Adverse  Event  Type 

Percent  of  Patients                                   | 

Placebo 
n=187 

Serevent 
42mcgb.i.d-n=184 

Albuterol 
leomcgq.i.d,  n=185 

Ear.  nose,  and  Itiroat 

Upper  respiratory 
tract  infection 

13 

14 

16* 

Nasopharyngcts 
Disease  of  nasal 

12 

14 

11 

cavity/sinus 
Sinus  headactie 

4 
2 

6 

4 

1 
<1 

Gastrointestinal 

Stomachactie 

0 

4 

0 

Neurological 
Headactie 

23 

28 

27 

Tremor 

2 

4 

3 

Respiratory 
Cough 

Lower  respiratory 
infecCon 

6 
2 

7 
4 

3 
2 

Ttie  table  above  includes  all  events  (whether  considered  drug  related  or  nondrug  related  by  the 
investigator)  that  occurred  at  a  rate  of  over  3%  in  the  Serevent*  (salmeterol  xinafoate)  Inhalation 
Aerosol  treatment  group  and  v«ere  more  common  In  the  Serevent  Inhalation  Aerosol  group  than  in 
the  placebo  group 

Pharyngitis,  allergic  rhinitis,  dizziness/giddiness,  and  influenza  occured  at  3%  or  more  but 
v»ere  equally  common  on  placebo  Other  events  occurring  in  the  Serevent  Inhalation  Aerosol 
treatment  group  at  a  frequency  of  1  %  to  3%  v»ere  as  follov»s: 

Cardiovsscular  Tachycardia,  palpitations. 

Ear,  Nose,  and  Throat  Rhinitis,  laryngitis. 

Gastrointestinal:  Nausea,  viral  gastroenteritis,  nausea  and  vomiting,  diarrhea,  abdominal 

pain 

Hypersensitivity:  Urticaria 

Moutti  and  Teeth:  Dental  pain 

Musculosl(eletal:  Pain  in  |oint,  back  pain,  muscle  cramp/contracton.  myalgia/myositis. 

muscular  soreness 

Neurological:  Nervousness,  malaise/fatigue. 

Sespratory;  Tracheitis/bronchitis. 

Skin:  Rash/skin  eruption 

Urogenital:  Dysmenorrtiea. 

In  small  dose-response  studies,  tremor,  nervousness,  and  palpitations  appeared  to  be  dose 
related 

OVERDOSAGE:  Overdosage  vinth  salmeterol  may  be  expected  to  result  in  exaggeration  of  the 
pharmacologic  adverse  effects  associated  with  beta-adrenoceptor  agonists,  including  tachycar- 
dia and/or  arrhythmia,  tremor,  headache,  and  muscle  cramps  Overdosage  with  salmeterol  can 
lead  to  clinically  significant  prolongation  of  the  OTg  interval,  which  can  produce  ventncular 
arrhythmias  Other  signs  of  overdosage  may  include  hypokalemia  and  hyperglycemia 

In  these  cases,  therapy  with  Serevent"  Inhalation  Aerosol  and  all  beta-adrenergic-stimulant 
drugs  should  be  slopped,  supportive  therapy  provided,  and  judicious  use  of  a  beta-adrenergic 
blocking  agent  should  be  considered,  bearing  in  mind  the  possibility  that  such  agents  can  pro- 
duce bronchospasm.  Cardiac  monitonng  is  recommended  in  cases  of  overdosage 

As  with  all  sympathomimetic  pressurized  aerosol  medications,  cardiac  arrest  and  even  death 
may  be  associated  with  abuse  of  Serevent  Inhalation  Aerosol 

Rats  and  dogs  survived  the  maximum  practicable  inhalation  doses  of  salmeterol  of  2.9  and  0.7 
mg/kg,  respectively.  The  maximum  nonlethal  oral  doses  in  mice  and  rats  were  approximately 
150  mg/kg  and  >1 .000  mg/kg,  respectively. 

Dialysis  is  not  appropriate  treatment  for  overdosage  of  Serevent  Inhalation  Aerosol 
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of  Pertinent  Anicles  in  Other  Journals 


Editorials  and  Commentaries  To  Note 

Drug  Delivery  by  Nebulization:  "Reality  Testing"  (editorial) — G  Smaldone.  J  Aerosol  Med 
1994;7(3):213-216.  (Pertains  to  Phipps  &  Gonda  paper  abstracted  on  Page  1 136,  Hurley  et  al  on  Page 
1 136.  Nerbrink  et  al  on  Page  1 138,  and  Knoch  et  al  on  Page  1 141.) 

The  Fallacy  of  the  Ecological  Fallacy:  The  Potential  Misuse  of  a  Concept  and  the 
Consequences— S  Schwartz.  Am  J  Public  Health  1994;84:819-824. 


Assessment  of  Reversibility  of  Airflow 
Obstruction — JA  Van  Noord,  J  Smeets,  J 
Oement,  KP  Van  De  Woestijne,  M  Demedts.  Am 
J  Respir  Grit  Care  Med  1 994;  1 50:55 1 . 

The  application  of  the  forced  oscillation  technique 
to  assess  reversibility  of  airflow  obstruction  was 
compared  with  that  of  indices  of  forced  expiration 
and  plethysmographic  airway  resistance  (Raw).  In 
125  patienls  with  airflow  obstruction,  we  mea- 
sured total  respiratory  resistance  (Rrs)  and  reac- 
tance (Xrs),  Raw  and  specific  airway  conductance 
(sGaw),  maximal  flow-volume  curves  and  forced 
expiratory  volume  in  1  s  (FEV|),  before  and  30 
min  after  2  X  20  yiig  salbutamol  by  MDI. 
Salbutamol  induced  significant  change  in  mean 
value  of  all  measured  indices.  The  changes  in 
impedance  data  consisted  of  decrease  in  mean 
value  and  of  negative  frequency  dependence  of 
Rrs.  an  increase  in  Xrs  with  slight  decTease  of  its 
positive  frequency  dependence.  Multivariate  anal- 
ysis of  differences  between  pre-  and  postbron- 
chodilator  values  showed  that  the  single  indices 
with  the  greatest  sensitivity  to  detect  the  effect  of 
salbutamol  were,  in  decreasing  order.  ( 1 )  in  rela- 
tive change  (%  baseline  value):  Raw.  Rrs  at  6  Hz 
(Rrso).  forced  vital  capacity  (FVC).  FEV,.  and  (2) 
in  absolute  change:  FVC.  sGaw  or  Raw.  RrS(,. 
rev  I.  maximal  expiratory  tlow  (MEFsii).  The  ef- 
fect of  salbutamol  was  described  best  in  ( I )  by  a 
combination  of  Raw  and  FVC  and  in  (2)  by  sGaw 
and  FVC.  For  individual  detection  of  bmnchcxiila- 
lor  effect,  threshold  values  were  calculated  from 
mean  repnxjucibility  of  the  three  baseline  values  of 
the  various  indices,  attempting  to  estimate  whether 
response  to  a  bronchodilator  is  statistically  signifi- 
cant The  greatest  number  of  significant  responses 
were  observed  for  Raw.  sOaw.  Fl-V|.  and  FVC  in 
that  succevsion.  Rrv,  being  markedly  less  sensitive. 
This  discrepancy  is  due  lo  the  lack  of  Rrv,  response 
to  bnmchodilalors  in  patients  with  severe  airway 
obstruction.  We  conclude  thai,  although  Rr\(,  is  ap- 
plicable as  a  tust  in  clinical  practice  for  bronchodi- 
lation.  it  is  less  sensitive  than  Raw  in  patients  with 
clearly  .ibnomial  baseline  lung  function. 


Counseling  Adolescents  for  Smoking 
Prevention:  A  Survey  of  Primary  Care 
Physicians  and  Dentists — DI  Gregorio.  Am  J 
Public  Health  1994:84:1151. 

Pediatricians,  family  practitioners,  and  dentists  were 
questioned  in  the  spring  of  1 992  about  whether  they 
counseled  adolescent  patients  ( 10  through  18  years 
old)  not  to  smoke.  Of  the  674  questionnaires  dis- 
tributed, 443  (66%)  were  returned  and  analyzed. 
Most  practitioners  could  not  estimate  cigarette  use 
among  their  adolescent  patients.  Prevention  coun- 
seling occurred  infrequently,  and  least  often  among 
younger  patients.  Physicians  were  more  likely  than 
dentists  to  counsel  adolescents.  The  data  highlight 
the  need  for  continuing  training  of  primary  health 
care  practitioneni  about  the  importance  of  counsel- 
ing adolescents  not  to  smoke. 


Effect  of  Endogenous  and  Inhaled  Nitric  Oxide 
on  the  Ventilation-Perfusion  Relationships  in 
Oleic-Add  Lung  Injury — C  Putensen,  J  Rasiinen. 
JB  Downs.  FA  Lopez.  Am  J  Respir  Grit  Care  Med 
1994:150:330. 

Previous  investigations  have  shown  that  the  ventila- 
tion-perfusion  (Va/Q)  mismatch  caused  by  acute 
lung  injury  can  be  alleviated  either  by  inducing  va- 
sodilation in  ventilated  lung  units  with  inhaled  nitric 
oxide  (NO)  or  by  inhibiting  the  synthesis  of  endoge- 
nous NO.  which  opposes  hypoxic  pulmonary  vaso- 
constriction. To  determine  the  eflects  of  a  combina- 
tion of  these  Interventions,  we  evaluated  c;irdiopul- 
monary  function  and  Va/Q  distributions  in  10  dogs 
with  oleic  acid-induced  lung  injury.  Bach  animal  re- 
ceived. In  random  order,  zero  or  40  ppm  of  NO  in 
Inspiratory  gas,  with  and  without  intravenous  infu- 
sion of  N''-monomethyl-I,-arginine  (l.-NMMA)  (5 
mg/kg^).  The  multiple  inert-gas  elimination  tech- 
nique was  used  to  estimate  Va/Q  distributions. 
.Systemic  L-NMM  A  administration  alone  did  not  af- 
Icct  Va/Q  Inequality  and  gas  exchange,  but  in- 
creased pulmonary  and  systemic  vascular  rcsis- 
tince.  Inh;iled  NO  irnprovctl  gas  exchiinge  by  redis- 


tributing blood  flow  from  shunt  units  to  lung  units 
with  a  nearly  ideal  Va/Q  ratio,  without  affecting 
pulmonary  or  systemic  vascular  resistance. 
Improved  Va/Q  matching  and  gas  exchange  was 
most  pronounced  when  NO  was  inhaled  in  the  pres- 
ence of  systemic  L-NMMA.  Inhalation  of  NO  re- 
versed the  pulmonary  but  not  the  systemic  vasocon- 
striction caused  by  L-NMMA.  These  results  suggest 
that  endogenous  NO  release  is  not  limited  to  hypox- 
ic lung  regions  in  animals  with  oleic  acid-induced 
lung  injury.  Inhaled  NO  reversed  L-NMMA-in- 
duced  pulmonary  vasoconstriction  and  improved 
Va/Q  matching  by  selectively  dilating  the  pul- 
monary vasculature  in  ventilated  lung  units. 


Effects  of  a  Restricted  Work-Site  Smoking 
Policy  on  Employees  Who  Smoke — J  Brigham.  J 
Gross,  ML  Stitzer,  U  Felch.  Am  J  Public  Health 
I994;84:773. 

OBJECTIVES:  This  study  evaluated  the  biologi- 
cal and  subjective  consequences  observed  in  indi- 
vidual smokers  after  implementation  of  a  work- 
place smoking-restriction  policy.  METHODS: 
Employees  were  evaluated  for  4  weeks  before  and 
4  weeks  after  their  workplace  became  smokefree 
(n  =  34).  A  comparison  group  of  smokers  whose 
work-site  smoking  was  unrestricted  served  as  con- 
trols (n  =  33).  Daily  exposure  to  tobacco  con- 
stituents and  withdrawal  effects  were  measured. 
RESULTS:  Smokers  at  the  re.stricted  site  had  veri- 
fied smoking  reduction  (mean  =  four  cigarettes  per 
day)  and  significantly  reduced  nicotine  and  carbon 
monoxide  during  the  work  shift.  There  were  in- 
creases in  ratings  of  some  common  withdrawal 
symptoms  (cravings/urges,  concentration  difficul- 
ties. Increased  eating,  depression).  No  evidence  of 
compensatory  smoking  during  nonwork  hours  was 
found.  Overall  tobacco  exposure,  as  measured  in 
saliva  cotlnlne,  showed  a  nonsignificant  15%-  de- 
cline. CONCLUSIONS:  Workplace  smoking  re- 
striction niiU'kedly  altered  smoking  patterns  (ie.  re- 
duced daytime  smoking)  and  a-duced  cotinine  lev- 
els lo  an  amount  conslslcnl  with  cigarette 
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A  lot  of  cl 
3f  heated  wire 


inicians  have  been  quick  to  seize  on  the  cost 
circuits  without  considering  the  size  of  the 
return.  You'll  use  up  to  50%  less  water, 
with  a  significant  impact  on  total  running 
costs.  You'll  save  all  the  time  currently 
spent  draining  your  unheated  circuits, 
which  you  may  do  as  often  as  twice  a 
shift.  The  overall  temperature  of  your 
s\stem  will  be  lower,  and  vt)u'll  be  able 


shcr  &   Pavkcl 


to  select  various  temperature  and  humidity  levels  across  a 
wide  range  of  flows  and  applications. 

Get  the  best  from  your  humidifiers.  Ring  Baxter  toll 
free  in  the  U.S.  on  1  800  321  3832  or  call  us  direct  on 
+  64  9  570  5655  to  ask  about  taking  one  of  our  heated 
wire  circuits  for  a  test  drive. 

Fisher&Pdvkel 

Healthcare,  25  Carbine  Road,  Panmure,  Auckland,  New  Zealand,  Telephone:  +64  9  570  5655,  Facsimile:  +54  9  570  9500. 
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ABSTRACTS 


reduction.  Thus,  work-site  smoking  restriction 
may  promote  meaningful,  albeit  limited,  reduc- 
tions in  tobacco  exposure  and  consequent  health 
risks. 


Evaluation  of  Definitions  for  Adult  Respiratory 
Distress  Syndrome — WA  Knaus,  X  Sun.  RB 
Haldm,  DP  Wagner.  Am  J  Respir  Crit  Care  Med 
1994:150:311. 

We  conducted  a  cohort  study  of  423  intensive 
care  unit  (ICU)  admissions  with  a  primary  clinical 
diagnosis  of  acute  respiratory  failure,  a  Pao/FiO: 
on  ICU  admission  of  <  3(X)  mm  Hg.  and  an  lCD-9 
discharge  diagnosis  of  adult  respiratory  distress 
syndrome  ( ARDS  )(518.5  or  518.82)  drawn  from 
a  nationally  representative  database  of  17.440 
ICU  admissions  to  evaluate  current  and  proposed 
revisions  for  definitions  of  ARDS.  A  variety  of 
nonpulmonary  physiologic  risk  factors,  from 
shock  to  elevated  serum  bilirubin  measurements, 
were  significant  (p  <  0.01)  for  hospital  mortality. 
Multivariable  analysis  using  the  admission 
APACHE  m  score,  primary  ICU  admission  diag- 
nosis, and  treatment  location  before  ICU  admis- 
sion provided  greater  accuracy  in  prediction 
(ROC  =  0.80)  than  the  individual  Pao/Fio,  (ROC 
=  0.68).  Patients  were  given  an  individual  risk  of 
hospital  mortality  based  on  their  admission 
APACHE  III  score,  treatment  location  before 
ICU  admission,  and  ICU  admitting  diagnosis. 
Dividing  the  patient  population  into  groups  using 
a  Pao/FiO;  2  150  resulted  in  a  wide  range  of  indi- 
vidual risk  for  hospital  mortality,  from  <  1 0  to  > 
90%  in  both  groups.  We  conclude  that  ARDS  is  a 
complex  clinical  entity  with  a  variety  of  pul- 
monary and  nonpulmonary  risk  factors  for  both  its 
development  and  its  prognosis.  Current  and  pro- 
posed categorical  definitions  based  on  the  severity 
of  hypoxemia  result  in  a  wide  distribution  of  indi- 
vidual patient  risks.  Use  of  these  findings  in  the 
design  and  conduct  of  future  clinical  trials  would 
improve  the  evaluation  of  new  therapies. 


Evaporation  of  Aqueous  Aerosols  Produced  by 
Jet  Nebulizers:  Effects  on  Particle  Size  and 
Concentration  of  Solution  in  the  Droplets — PR 

Phipps,  I  Gonda.  J  Aerosol  Med  I  W4:7:239. 

Aqueous  droplets  produced  by  jet  nebulizers  can 
lose  water  by  evaporation  prior  to  entry  into  the 
patient's  mouth,  or  a  sizing  device.  Evaporation 
causes  increase  in  the  concentration  of  the  solu- 
tion in  the  droplet  and  reduction  in  size.  These 
changes  can  complicate  interpretation  of  results 
from  expcrimenLs  such  as  in  vitro  particle  sizing 
or  human  respiratory  tract  deposition.  We  present 
experimental  data  obtained  by  ncbulization  of  iso- 
tonic saline  using  a  variety  of  aerosol  delivery  sys- 
tems employing  jet  nebulizers.  The  impact  of  the 
evaporation  phenomena  is  p;irticularly  great  when 


a  large  volume  of  dry  dilution  air  is  mixed  with 
the  aerosol  stream — a  situation  that  is  quite  com- 
mon in  aerosol  expcrimenLs.  The  experimental  re- 
sults approach  the  values  calculated  from  the  the- 
oretical mass  balance  models  in  the  limit  of  equi- 
librium between  the  droplets  and  the  surrounding 
amiosphere. 


Assessment  of  Antibiotic  Aerosol  Generation 
Using  Commercial  Jet  Nebulizers — PK  Huriey, 
SWSmycHCunliffe.  J  Aerosol  Med  1994:7:217. 

The  performance  of  14  commercial  jet  nebulisers 
has  been  assessed:  Unineb.  Suremist  (Unimed  (UK) 
Ltd),  Micro-Cirrus  (Intersurgical  Ltd),  Pulmo-Neb 
(DeVilbiss  Health  Care  UK  Ltd),  Side-Stream 
(Medic-Aid  Ltd).  Micro-Neb  III  (Lifecare  Ltd). 
RespirGard  (Marquest  Medical  Products  Inc). 
Aeromist,  Venticaire  (S  and  W  Vickers  Ltd).  Up- 
Draft  n.  Ava-Neb.  Up-Draft  (Hud.son  Respiratory 
Care  Inc),  Bennett/Twin,  Raindrop  (Puritan- 
Bennett  Corporation).  The  units  were  operated  with 
a  high  flow  compressor  (Maxi  III,  Medix  Ltd)  at 
lOl/min.  Performance  was  assessed  by  measuring 
the  fraction  of  the  initial  mass  of  drug  nsleased  as  an 
aerosol  and  nebulisation  time  for  initial  dmg  vol- 
umes of  2-6  mL,  and  the  mass  median  diameter  and 
mass  fraction  of  the  aerosol  in  particles  <  5.l7/j,m  di- 
ameter. The  Side-Stream  nebuliser  gave  the  best 
performance,  although  incorporation  of  a  filter  to 
trap  exhaled  antibiotic  may  prove  difficult.  The 
Micro-Cirms  generated  a  particularly  fine  aerosol. 
The  Raindrop  nebuliser  performed  well,  while  the 
Up-Draft  n  nebuli.sed  efficiently  but  was  associated 
with  extended  nebulisation  times,  which  may  limit 
its  utility. 


Low  Birthweight  at  Term  and  the  Timing  of 
Fetal  Exposure  to  Maternal  Smoking — Am  J 

Public  Health  1994:84:1127. 

OBJECTIVES:  This  study  was  undertaken  to  eval- 
uate the  risk  of  sniall-for-gestational-age  birth  for 
women  who  stop  smoking  or  begin  to  smoke  during 
pregnancy.  METHODS:  Women  with  temi  single- 
ton pregnancies  from  a  hospital-based  cohort  of  1 1 
177  were  classified  as  (1)  nonsmokers;  (2)  smoked 
throughout  pregnancy;  (3)  smoked  during  first 
trimester  only:  (4)  smoked  during  first  and  second 
trimesters  only:  ;uid  (5)  smoked  during  second  and 
thial  tfimesters  or  during  third  trimester  only.  Risk 
of  small-for-ge,stional-age  birtli  according  to  smok- 
ing category  was  estimated  and  adjusted  for  con- 
founding factors  by  logistic  regression.  RESULTS: 
Women  who  stopped  smoking  by  the  tliird  trimester 
were  not  at  increased  risk  of  small-for-gestional-agc 
birth  compared  with  nonsmokers.  Women  who 
began  smoking  during  the  second  or  third  trimester 
had  an  elevated  risk  of  small-for-gestational-age 
birth  (odds  ratio  |OR  j  1 .83;  95%  confidence  interval 
|CI|  =  1.25,  2.67)  similar  to  thai  for  women  who 


smoked  throughout  pregnancy  (OR  =  2.20;  95%  CI 
=  1 .90,  2.54).  Risk  of  small-for-gestional-age  birth 
incnsased  with  the  number  of  cigarettes  smoked 
during  the  third  trimester.  CONCLUSIONS:  It  is 
during  the  third  trimester  that  smoking  retards  fetal 
growth,  presenting  a  compelling  opportunity  for 
smoking  cessation  interventions.  Programs  must 
emphasize  the  importance  of  not  resuming  smoking 
late  in  pregnancy. 


Mathematical  Coupling  Explains  Dependence  of 
Oxygen  Consumption  on  Oxygen  Delivery  in 
ARDS— PT  Phang,  KF  Cunnmgham,  JJ  Ronco, 
BR  Wiggs,  JA  Russell.  Am  J  Respir  Crit  Care  Med 
1994:150:318. 

Because  of  potential  for  mathematical  coupling  of 
measurement  emirs  in  shared  variables  used  to  cal- 
culate oxygen  consumption  (FickVo.)  and  oxygen 
delivery  (DqO.  we  asked  whether  determination  of 
the  FickVo;-Do:  relationship  in  individual  patients 
with  ARDS  was  statistically  valid.  We  saidied  17 
clinically  resuscitated  patients  with  severe  ARDS, 
measuring  FickVo,,  Calorimetric  Vq,  (using  analy- 
sis of  respiratory  gases),  ajid  Dq.  at  regular  intervals 
while  Do;  was  increased  using  an  infusion  of  dobu- 
tamine.  Overall,  we  found  that  Dq;  (pre  482  ±  143, 
post  616  ±  170  mL  O^/min  •  m-,  p  <  0.01)  and 
FickVo,(pre  130  ±  23, post  147  ±  24mL-  02/min 
•  m-,  p  <  0.02)  incieased  significantiy  with  dobu- 
tamine  infusion,  but  CalorimetricVo,,  measured  si- 
multaneously did  not  change  (pre  128  ±  22,  post 
128  ±  22  mL  OVmin  •  m-,  p  =  NS).  bi  addition,  un- 
pooled  weighted  slope  for  FickVo;  versus  Dq, 
(0.06)  was  significantly  different  from  zero,  but  un- 
pooled  weighted  slope  for  CalorimetiicVo;  venius 
Do;  (0.01 )  was  not  significantiy  different  from  zero. 
Slopes  of  the  FickVo;-Do2  relationship  were  signifi- 
cant for  only  three  individual  patients.  Using  meth- 
ods by  Stintton  and  colleagues  to  analyze  the  effect 
of  mathematical  coupling  in  the  FickVo;-Do:  rela- 
tionship, we  found  that  in  all  patients  the  slope  of 
measurement  errors  was  greater  than  observed  slope 
and  Uiat  observed  slope  was  greater  than  estimated 
true  slope.  Estimated  tme  slope  of  Uie  FickVo.-Do; 
relationship  in  all  individual  patients  was  not  signifi- 
cant. Therefore,  we  suggest  tiiat  detennination  of  the 
FickVo,-Do;  relationship  in  individual  patients  who 
are  iiesuscitated  and  hemodynamically  stable  is  most 
often  not  slalislically  signific;uit.  Furtiieniiore,  we 
suggest  lli;il  iiiallK-nialical  coupling  of  r.uukini  emir 
in  Uie  measurement  of  sh;uvd  wiriablcs  could  explain 
finding  dependence  of  FickVo;  on  Do;  in  clinically 
resuscilaleil  individuiil  patients  with  severe  ARDS. 


Nonbronchodilalor  Effects  of  Inhaled  fi^ 
Agonists:  (ircjiler  Pnrtection  against  .Adenosine 
Monophosphate-  Tlian  Melhacholine-lnduced 
Bnmchocoastriction  In  A.sthma — BJ  O'Connor. 
RW  Fuller.  PJ  B;inics.  Am  J  Respir  Crit  Care  Med 
l9i)4:I.SI):.^8l. 
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Compare  Uni-Vent      to  any  other  portable 

ventilator  and  you  will  quickly  see  why 

the  Model  750  is  in  a  class  by  itself. 


FLOW  ,-  - 
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•  Control,  Assist-Control  and  SIMV  operating  modes, 
optional  electronic  demand  valve  -  all  PEEP  compensable! 

•  Comprehensive  alarm  system  and  automatic  continuous  system 
self-checks  for  maximum  safety! 

•  Easy-to-operate,  logical  control  groupings,  simplify  personnel  training 

•  Operates  from  internal  battery  or  external  power  -  consumes  no  gas! 

•  High-reliability,  electronic  circuitry  is  unaffected  by  changes  in  altRude 


For  more  information  on  the  Uni-Vent^'^  Model  750,  or  the  name  of  your  local  Representative,  call  Impact  today! 
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There  has  been  controversy  about  possible  benefi- 
cial effecLs  of  /3  agonists  on  aii^ay  function  in  asth- 
ma, in  addition  to  their  effects  on  airway  smooth 
muscle.  We  compared  the  protective  effects  of 
terbutaline  on  bronchoconstriclor  responses  to 
methacholine,  which  constricts  smooth  muscle  di- 
rectly, adenosine  5  -monophosphate  (AMP),  which 
acts  indirectly  by  mast  cell  activation,  and  sodium 
metabisulfite  (MBS),  which  stimulates  sensory 
nerves,  in  15  mild  asthmatic  subjects  in  a  random- 
ized double-blind  saidy  cairied  out  in  two  phases. 
In  the  firM  phase  1 2  subjects  inhaled  two  doses  of 
0.5  and  2.5  mg  terbutaline  or  placebo  administered 
as  a  dry  powder  (Tubohaler*)  20  min  before  chal- 
lenge with  methacholine  and  AMP.  Each  subject 
received  increasing  doubling  doses  of  metha- 
choline and  AMP  nebulized  from  a  dosimeter. 
Challenges  were  terminated  when  FEVi  fell  by 
20%  trom  baseline  (PC^n).  In  the  second  phase  10 
subjects  (seven  of  whom  had  participated  in  Phase 
1)  inhaled  0.5  mg  terbutaline  or  placebo  before 
similar  challenge  with  methacholine  and  MBS.  In 
Phase  1 .  terbutaline  inhibited  the  bronchoconstric- 
lor re.sponse  to  methacholine  by  2. 1  and  3.3  dou- 
bling doses  but  caused  a  significantly  greater  inhi- 


bition of  the  response  to  AMP  of  3.4  and  4.8  dou- 
bling doses  after  0.5  and  2.5  mg.  re,spectively.  In 
the  second  phase.  0.5  mg  terbutaline  had  equivalent 
effects  on  responses  to  both  methacholine  and 
MBS  of  2.6  and  2.2  doubling  dilutions,  respective- 
ly. This  effect  on  methacholine  and  MBS  implies 
functional  antagonism  of  airway  smooth  muscle. 
The  enhanced  effect  on  AMP  implies  an  additional 
non-smooth  muscle  action  that  may  involve  sup- 
pression of  airway  mast  cell  function. 


Why  Do  Medical  Nebulizers  Differ  in  Their 
Output  and  Particle  Size  Characteristics? — O 

Nerbrink,  M  Dahlback,  HC  Hansson.  J  Aerosol 
Med  1994;7:259. 

Previous  work  done  on  the  characterization  of  nebu- 
lizers; has  focused  on  gravimetrical  output  and  parti- 
cle/droplet size  distribution  at  various  air  flow  rates. 
This  paper  investigates  six  different  nebulizers,  with 
regard  to  droplet  generation  and  separation  profier- 
ties,  at  a  single  air  flow  rate.  Droplet  generation  and 
separation  properties  were  measured  with  laser 
diffraction  and  impactor  techniques.  For  each  of  the 


nebulizers  the  air  velocity  was  calculated  and  both 
liquid  and  air  volumetric  flow  rate  was  measured. 
The  primary  generated  droplets  (nebulizer  without 
impaction  baffle)  had  a  mean  size  of  between  15 
/jm  and  >  500  ^m.  The  secondary  generated 
droplets  (nebulizer  with  baffle)  were  in  the  size 
range  of  I  to  10 /mi.  It  was  found  that  the  baffle  sys- 
tem of  the  investigated  nebulizers  could  be  de- 
scribed according  to  ordinary  impaction  theory.  The 
mass  median  diameters  (MMD)  of  these  nebulizers 
were  found  to  be  dependent  on  air  velocity  (Vg)  and 
ratio  of  liquid  to  air  volumetric  flow  rate  (Qi/Qa).  In 
all  of  the  nebulizers,  between  93%  and  99%  of  the 
generated  primary  droplets  were  caught  by  the  baf- 
fle system,  which  resulted  in  a  very  low  output 
Thus,  the  nebulizers  examined  do  not  appear  to  be 
optimised,  with  regard  to  observed  droplet  genera- 
tion and  baffle  arrangements,  if  secondary  droplets 
with  a  size  =  1  /Jm  are  desired.  By  changing  the  de- 
sign at  the  primary  generation  point  air  velocity  (v^) 
and  liquid  to  air  flow  rate  (Q/Qal,  the  primary  gen- 
erated droplet  size  could  be  decreased.  This  would 
result  in  an  increase  in  the  number  concentration  of 
smaller  droplets  that  pass  the  baffle  system.  As 
changes  in  Vg  affect  Q/Qa.  and  both  Vg  and  Qi/Qa 


University  faculty  opportunity  available 
July  1 .  1 995  in  BS  Respiratory  Therapy 
and  MS  Allied  Health  programs  at  major 
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We'd  like  to  introduce  a  special  new 
feature  of  our  7200'  Series  \^ntilator: 

Insight. 


The  best  clinical 
decisions  require 
insight.  And  the  best 
insight  comes  from  the 
best  tools.  Like  the  new 
7200  Series  Ventilatory  System 

You've  always  known  the  7200 
Series  for  its  reliabiHty  and  upgrade- 
ability.  Now  we're  adding  a  whole  new  dimension  - 
five  enhancements  that  allow  greater  insight  into 
the  patient's  status. 

Graphics  2.0 
allows  you  to 
select  from  a 
menu  of  over  30 
parameters  to 
be  continuously 
trended  for  up 
to  72  hours. 
With  just  two 
simple  key 

presses,  the  7250™  Metabolic  Monitor  accurately  and 
continuously  monitors  whole  body  O:  consumption, 
CO:  production  and  calculates  energy  expenditure  for 
ventilated  patients.  Auto-PEEP  provides  reliable  intrinsic 


The  rapid  shallow  breathing  index  (RR/Vt), 
which  may  suggest  readiness  to  wean,  is  among 
over  30  trendable  parameters  in  the  new 
Graphics  2.0  option. 


PEEP  and  circuit 
PEEP  measurements. 
DCI  2.0  allows  two 
host  devices  such  as 
bedside  monitors  and 
computers  to  be  linked  to 
the  ventilator  simultaneously. 
And  finally,  the  Enhanced-Phis  keyboard 
allows  direct  access  to  options  and  shows  you  at 
a  glance  which  are  enabled. 

Together,  the  7200 
Ventilator  and  these  new 
upgrades  give  you  a  greater 
ability  than  ever  before  to 
predict  patient  response  and 
determine  readiness  to  wean. 

The  new  7200  Series. 
Now  turning  information 
into  insight. 

For  more  information  about 
our  New  Tools  for  Greater 
Insight",  contact  your  Puritan- 
Bennett  sales  representative  or 
call  1-800-255-6773. 

'  Yang  K  Tobin  M  A  Prospective  Study  of  Indexes  Piedicting  the  Outcome  of  Trials  of  Weaning  fron: 
Mechanicjl  Ventilation  NHnsI  I  Med  1W1;324:  1445-1448 


Option  keys  on  the  new, 
Enhanced-Plus  allow  direct 
access  to  options  and  identify 
which  are  active.  The  new  bar 
graph  provides  exceptional 
visibility  and  resolution  to 
changes  in  pressure. 


The  7250  Metabolic  Monitor  continuously 

measures  and  calculates  several  metabolic 

parameters  including  energy  expenditure. 

Its  unique  sampling  method  is  designed 

to  improve  measurement  accuracy  on 

mechanically  ventilated  patients. 


A-AA-2171-00  ©1994,  Puritan-Bennett  Corporation 

The  7250  Metabolic  Monitor  is  covered  by  U.S.  patents  5,072,737  and  5,325,861.  Other  patents  pending  in  the  U.S.A.  and  other  coun 
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separately  influence  the  size  distribution  and  thus 
output,  nebulizer  performance  becomes  difficult  to 
control  in  a  desired  way.  This  suggests  that  it  will  be 
difficult  to  change  the  droplet  size  and  at  the  same 
time  control  the  mass  output 

A  Nebulizer  System  for  Highly  Reproducible 
Aerosol  Delivery — M  Knoch,  E  Wunderlich,  S 
Geldner.  J  Aerosol  Med  1994;7:229. 

The  output  characteristics  of  current  nebulizer  sys- 
tems are  influenced  by  factors  such  as  inspiratory 
flow,  temperature  and  relative  humidity  of  the  ambi- 
ent air,  and  surface  tension  of  the  nebulizing  solu- 
tions. Due  to  the  resulting  alteration  of  droplet  char- 
acteristics, the  delivery  of  aerosolized  drugs  is  vari- 
able. A  nebulizer  system,  the  PARI  IS-2.  has  been 
designed  for  the  delivery  of  aerosolized  potent 
drugs.  It  is  characterized  by  a  highly  consistent 
aerosol  output  and  a  high  proportion  of  droplet  mass 
in  the  respirable  range.  Laboratory  testing  was  per- 
formed with  a  Melvem  Particle  Sizer  and  by  mea- 
surement of  total  and  effective  output  rates. 


Preconditioned  air  was  supplied  to  the  system  in 
order  to  simulate  different  inspiratory  flows  (steady 
state)  at  varying  ambient  conditions.  There  was  only 
a  small  effect  on  droplet  sizes  {MMD  3.0  to  3.6  pm) 
over  the  investigated  range  of  inspiratory  flow,  am- 
bient conditioas,  and  dmg  solutions.  Total  and  ef- 
fective output  rates  of  the  nebulizer  were  foimd  to  be 
linearly  proportional  between  5  and  20  L/min  inspi- 
ratory flow,  thereby  compensating  for  the  dilution 
of  aerosol  by  enrained  air.  Total  output,  at  a  relative 
humidity  between  20%  and  80%  and  at  fixed  inspi- 
ratory flow,  varied  only  by  ±6%  with  respect  to 
50%  relative  humidity.  The  proportion  of  the  dose 
delivered  from  the  system  ranged  from  28%  to  67% 
for  an  initial  fill  volume  between  0.5  and  3  mL,  re- 
spectively. Thus,  for  standardized  breathing  and  by 
using  the  manual  interrupter  for  on-command  thera- 
py, a  highly  effective  delivery  and  deposition  of 
therapeutic  aerosols  in  the  lungs  may  be  achieved 
with  the  PARI  lS-2  nebulizer  system.  Due  to  the 
small  droplet  sizes  (80%  of  the  mass  below  5  fJsn), 
side  effects  caused  by  aerosol  deposition  in  the 
mouth  and  oropharynx  are  expected  to  be  reduced 
to  a  minimum. 


Pressure- Volume  Relations  of  the  Respiratory 
System  in  Healthy  Children — A  Thorsteinsson,  A 
Larsson,  C  Jonmarker.  O  Werner.  Am  J  Respir  Crit 
Care  Med  1 994;  1 50:421. 

Static  pressure-volume  (P-V)  curves  of  the  respira- 
tory system  were  obtained  in  48  healthy  children  ( 1 
mo  to  16  yr  of  age)  during  anesthesia  and  muscle 
paralysis.  The  lungs  were  inflated  to  a  pressure  of  25 
to  40  cm  H2O,  and  during  the  subsequent  deflation 
an  intermpter  placed  in  the  airway  tubing  opened 
and  closed  every  0. 16  s.  Airway  flow  was  integrated 
to  obtain  the  volume  decrement  between  consecu- 
tive flow  intemjptions.  Airway  pressure  was  mea- 
sured during  intermptions,  and  a  curve  relating  pres- 
sure to  lung  volume  was  plotted,  assuming  the  lung 
volume  at  zero  pressure  to  equal  functional  residual 
capacity  (FRC).  FRC  was  measured  using  tracer 
gas  washout  The  maximum  slope  of  the  P-V  curve 
(maximum  compliance  =  C„max.  mL/cm  HiO) 
was  closely  related  to  length  (in  centimeters)  of  the 
chUd:  Cp,max  =  7.7  x  10-*  X  length-™;  r  =  0.97. 
The  pressure  coinciding  with  C|,max  was  6  ±  I  cm 


Learn  the 


nedianics 


of  Mechanical  Ventilation 

Explains  how  physical  an<d  mathematical  models  are  (developed  and 
applied,  how  such  models  are  incorporated  into  ventilator  design  to 
provide  estimates  of  mechanics,  and  some  of  the  problems  that  can 
develop  because  of  the  limitations  of  the  models.  Chatburn  points  out 
that  lack  of  consistency  among  manufacturers  in  the  way  in  which 
compliance  and  resistance  are  measured  and  temperature 
conversions  are  applied  and  how  the  lack  of  published  accuracy  and 
By  Robert  L.  Chatburn,  RRT    precision  information  make  data  interpretation  difficult. 


Monitoring  Respiratory 

Mechanics  During 

Mechanical  Uentilation 


Item  VT30  —  VHS  (60  minutes) 
$35  ($40  nonmembers) 

Add  $3  for  shipping  and  handling. 
Call  (2 1 4)  243-2272  or  Fax  Your  Order  to  (2 1 4)  484-2720  •  American  Association  for  Respiratory  Care  •  1 1 030  Abies  Lane,  Dallas,  TX  75229-4593 

nly,  please  add  8'/.%  sales  uut  (includmg  shipping  charges).  Texas  customers  that  are  exempt  from  sales  lax  must  attach  an  exemption  certificate. 


RESPIRATORY  CARE  •  DECEMBER  '94  Vol  39  No  12 


1141 


ABSTRACTS 


H:0  (mean  ±  SD)  in  infants  ( 1  to  6  mo  of  age)  and 
12  ±  1  cm  H2O  in  older  children  (>  1.5  yrof  age). 
Total  lung  capacity  (TLC)  per  kg  body  weight  in- 
creased with  age  and  was  52  ±  13  mL/kg  in  infants 
and  87  ±  1 1  mL/kg  in  older  children.  The 
FRC/TLC  ratio  was  greater  in  infants  (38  ±  4%) 
than  in  older  children  (30  ±  5%).  The  Iting  volume 
coinciding  with  Cp,max  was  nearly  the  same  at  all 
ages,  when  expressed  as  a  percentage  of  TLC:  62  ± 
3%.  Specific  compliance  of  the  respiratory  system. 
that  is.  Cismax/TLC.  decreased  with  growth  and 
was  0.044  ±  0.006  cm  HiO" '  in  infants  and  0.035 
±  0.004  cm  HiO  '  in  older  children.  It  is  concluded 
that  although  the  P-V  relations  of  the  respiratory 
system  changed  markedly  with  gaiwth,  especially 
during  the  first  year  of  life,  the  lung  volume 
(%TLC)  at  which  maximum  compliance  occurred 
varied  little. 


Reduction  in  Lung  Injury  after  Combined 
.Surfactant  and  High-Frequency  Ventilation — 

JC  Jackson.  WE  Tmog.  TA  Slandaert  JH  Murphy, 
SE  Juul,  EY  Chi,  J  Hildebrandt  WA  Hodson.  Am  J 
RespirCrit  Care  Med  1994;  150:5.34. 

Previous  studies  demonstrated  that  high-frequency 
oscillatory  ventilation  (HFOV)  begun  at  birth  limits 
the  development  of  alveolar  proteinaceous  edema 
in  premature  monkeys  at  risk  for  hyaline  mem- 
brane disease  (HMD).  We  hypothesized  that  ex- 
ogenous surfactant  combined  with  HFOV  would 
lead  to  even  further  reductions  in  edema.  Twenty 
Macaca  nemestrina  monkeys  were  delivered  at 
134  d  gestation  (term  =  168  d)  and  u-cated  with  ei- 
ther HFOV  or  conventional  mechanical  ventilation 
(CMV)  from  the  first  breath;  mtxiified  bovine  sur- 
factant (Survanta*  (beractantl)  was  introduced  into 
the  trachea  over  the  first  few  minutes  of  life.  The.se 
animals  were  compared  with  20  animals  treated 
with  either  CMV  or  HFOV  but  without  surfactant. 
At  6  h  the  lung  was  rapidly  frozen  in  situ  during  in- 
flation for  determination  of  the  volume  fraction  of 
alveolar  edema.  The  combined  use  of  surfactant 
and  HFOV  from  the  first  breath  reduced  alveolar 
proteinaceous  edema  (3  ±  1%;  mean  ±  SEM) 
from  that  seen  with  CMV  alone  (27  ±  3%,  p  < 
().()(X)1),  CMV  after  surfactant  (21  ±  3%,  p  < 
0.0(X)1).  and  HFOV  alone  (13  ±  3%,  p  <  0.015). 
We  conclude  that  the  use  of  surfactant  with  HFOV 
after  premature  birth  Is  superior  to  either  surfactant 
or  HFOV  alone  in  reducing  lung  injury  during  the 
first  few  hour^  of  life.  We  speculate  thai  this  reduc- 
tion in  lung  injury  may  reduce  the  incidence  or 
severity  of  bronchopulmonary  dysplasia. 


The  Respiratory  Health  Impact  of  a  Large 
Urban  Fire — M  I.ipsctl,  K  Waller,  D  .Shustcnnan. 
■S  Thollaug,  W  Brunncr.  Am  J  Public  Health 
1994:84:434. 

OBJECTIVES:  In  July  1988,  a  lire  deslniyed  a 


huge  supermarket  warehouse  in  Richmond.  Calif, 
sending  smoke  into  residential  neighborh(Kxls  for 
nearly  a  week.  There  was  no  organized  public 
health  re.sponse.  To  evaluate  the  respiratory  health 
impact  on  the  general  population,  a  survey  of  emer- 
gency room  visits  and  hospital  admissions  to  the 
two  acute-care  hospitals  serving  the  population 
downwind  was  conducted.  METHODS:  Medical 
records  of  489  patients  meeting  specified  diagnostic 
criteria  during  the  week  of  the  fire  and  several  refer- 
ence periods  were  abstracted.  Ratios  of  proportions 
for  re.spiratory  diagnoses  ( ie,  emergency  room  vi.sits 
for  a  given  diagnosis/total  emergency  room  visits) 
were  calculated  comparing  the  fire  week  with  the 
reference  periods,  and  1988  mortality  data  for  the 
area  were  reviewed.  RESULTS:  Ratios  of  propor- 
tions for  emergency  room  visits  for  asthma  and  all 
lower  respiratory  conditioas  increased  significantly 
during  the  fire.  Re.spiratory-related  hospitalizations 
also  increased.  However,  there  was  no  observable 
increase  in  respiratory  mortality.  CONCLUSIONS: 
This  fire  was  found  to  have  had  a  moderate  impact 
on  the  respiratory  health  of  local  residents.  Public 
he;Uth  intervention  is  indicated  to  prevent  respirato- 
ry morbidity  when  extended  exposure  to  structural 
fire  smoke  is  predictable. 


Smokeless  Tobacco  Use  and  Increased 
Cardiovascular  Mortality  among  Swedish 
Construction  Workers — G  Bolinder.  L 
Alftiais,son,  A  Englund  U  de  Faire.  Am  J  Public 
Health  1994:84:399. 

OBJECnVES:  Little  is  known  about  the  risks  of 
cardiovascular  disease  associated  with  the  use  of 
smokeless  tobacco,  which  produces  blood  nicotine 
levels  similar  to  those  caused  by  cigarette  smoking. 
METHODS:  Male  Swedish  construction  industry 
employees  (n  =  135  036)  who  attended  a  health  ex- 
amination were  followed  by  smdying  cause-specific 
mortality  during  a  1 2-year  period.  The  study  popu- 
lation comprised  6297  smokeless  tobacco  users,  14 
983  smokerri  of  fewer  than  1 5  cigarettes  per  day,  1 3 
518  smokers  of  15  or  more  cigarettes  per  day,  17 
437  ex-smokers,  50  255  "other"  tobacco  users,  and 
32  546  nonusere.  RESULTS:  The  age-adjusted  rela- 
tive risk  of  dying  fixim  cardiovascular  disease  was 
1 .4  for  smokeless  tobacco  users  and  1 .9  for  smokers 
of  15  or  more  cigarettes  per  day,  compared  with 
nonusers.  Among  men  aged  35  through  54  years  at 
the  start  of  follow-up,  the  relative  risk  was  2. 1  for 
smokeless  tobacco  users  and  3.2  for  smokers.  When 
dala  were  adjusted  for  b(xiy  mass  index,  bUxxl  pre.s- 
sure.  and  history  of  heart  symptoms,  the  results  were 
essentially  unchanged.  Cancer  mortality  was  not 
raised  in  smokeless  tobacco  users.  CONCLU- 
SIONS: Both  smokeless  tobacco  users  and  smokers 
face  a  higher  risk  of  dying  from  cardiovascular  dis- 
ease than  nonusers.  Although  the  risk  is  lower  for 
smokeless  tobacco  users  than  for  smokers,  the  ex- 
cess risk  gives  cause  for  preventive  actions. 


The  Report  of  the  Surgeon  General:  Preventing 
Tobacco  Use  among  Young  People — Ml  Elders, 
CL  Perry,  MP  Erikson,  GA  Giovino.  Am  J  Public 
Health  1994:84:543. 

This  year's  surgeon  general's  report  on  smoking 
and  health  is  the  first  such  repiort  to  focus  on  young 
people.  From  extensive  data  that  indicate  that  tobac- 
co use  is  a  pediatric  epidemic,  the  report  reached  six 
major  conclusions:  ( 1 )  Nearly  all  first  use  of  tobacco 
occurs;  by  age  18.  (2)  Most  adolescent  smokers  are 
addicted  to  nicotine.  (3)  Tobacco  is  often  the  first 
drug  used  by  young  people  who  subsequently  use  il- 
legal dmgs.  (4)  There  are  identified  psychosocial 
factors  for  the  onset  of  tobacco  use.  (5)  Cigarette  ad- 
vertising also  appears  to  increase  young  people's 
risk  of  smoking.  (6)  Communitywide  efforts  have 
successfully  reduced  adolescent  use  of  tobacco. 
This  commentary  restates  each  of  the  six  conclu- 
sions, summarizes  the  data  that  support  each,  and 
then  considers  the  implications  of  the  conclusions 
for  public  health  action. 


Tobacco  Use  by  Black  and  White  Adolescents: 
The  Validity  of  Self-Reports— KE  Bauman.  SE 
Ennett.  Am  J  Public  Health  1994:84:394. 

OBJECTIVES:  Previous  studies  concluded  that 
Black  adolescents  use  tobacco  and  other  drugs  less 
than  White  adol&scents.  The  Black-White  differ- 
ences typically  were  attributed  to  variations  in  back- 
ground and  life-style.  The  objective  of  the  research 
reported  in  this  paper  was  to  determine  whether  the 
presumed  difference  in  tobacco  use  is  due  to  Black- 
White  differences  in  the  validity  of  self-reports. 
METHODS:  We  used  biochemical  measures  to 
compare  the  validity  of  self-reports  of  tobacco  use 
by  1 823  Black  and  White  adolescents  and  to  assess 
the  contribution  of  variation  in  validity  to  Black- 
White  differences  in  reported  tobacco  u.se. 
RESULTS:  The  sensitivity  of  Blacks'  reports  was 
significantly  less  than  the  sensitivity  of  Whites'  re- 
ports. The  specificity  of  Whites'  reports  was  signifi- 
cantly less  than  the  specificity  of  Blacks'  reports. 
Much  of  the  Black- White  differences  in  reports  of 
cigarette  smoking  and  tobacco  u.se  were  due  to 
Black-White  differences  in  validity.  CONCLU- 
SIONS: Studies  of  Black-White  differences  should 
adjust  for  the  invalidity  of  reports  or  acknowledge 
that  much  of  the  differc-ncc  may  be  due  to  measurc'- 
ment  emir. 
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reported  in  the  12-week  controlled  trials  of  ATROVENT  Inhalation  Solution. 


AnOfENT 

(ipratropium  bromide)  -ii 
INHALATION  SOLUTION 

Added  efficacy  without  added  side  effects* 


*V>1ien  used  in  conibinalion  Willi  ;i  tif  ta-agoiiisl  Miliitimi.  .ATKi  l\'ENT  does  not 
signific;uitly  increase  side  effects  associated  witli  tlie  bet;i  agonist  alone. 


ATlOfENT 

(ipratropium  bromide)  "li 
INHALATION  SOLUTION 


ADDED  EFFICACY  WITHOUT  ADDED  SIDE  EFFECTS^ 


Alrovenf- 

(ipratropium  bromide) 

Inhalation  Solution 

Brief  Summary  of  Prescribing  Inlormation 

CONTRAINDICATIONS  ^u  vent  (ipralropium  bromide)  is  contfamdicated  in  known  Of  suspected  cases  ot 
hypetsen;,,!  v  !■,  1   iiA^f'V  mil  biomide.  ortoaltopmeand  ils  derivatives 

WARNINGS  The  use  ot  Alfovent'  (ipratropium  bromide)  Intialatton  Solution  as  a  single  agent  lor  the  relief  ot 
bronctiospasm  in  acute  COPD  exacerJHtion  has  not  been  adequately  studied  Drugs  with  faster  onsel  ol  action  may 
be  preferable  as  initial  ttierapy  in  this  situation  Combination  of  Atrovent  and  beta  agonists  has  not  been  shown  to  be 
more  effective  Itian  either  drug  alone  in  reversing  the  bronchospasm  associated  with  acute  COPD  ewcefbation 

PRECAUTIONS  General  Afrovenf  (ipralropium  bromide)  should  be  used  with  caution  In  patients  with  narrow 
angle  glaucoma,  prostatic  hypertrophy  or  bladder-neck  obstruction 

Information  for  Patients  Patients  should  be  advised  that  temporary  blurring  ol  vision,  precipitation  or  worsening 
of  narrow-angle  glaucoma  or  eye  pam  may  result  if  the  solution  comes  mlo  direct  contact  with  the  eyes  Use  ol  a 
nebulizer  with  mouthpiece  rather  than  lace  mask  may  be  prelerable,  to  reduce  the  likelihood  oi  the  nebulizer  solution 
reaching  the  eyes  Patients  should  be  advised  thai  Atrovent  Inhalation  Solution  can  be  mixed  in  the  nebulizer  with 
albuterol  il  used  within  one  hour  Compatibility  data  are  not  currently  available  with  other  drugs  Patients  should  be 
reminded  that  Atrovent  Inhalation  Solution  should  be  used  consistently  as  prescribed  throughout  the  course  ol  therapy 
Drug  Interactions  Atrovent  has  been  shown  to  be  a  sale  and  effective  bronchodilator  when  used  in  conjunction 
with  beta  adrenergic  bronchodilators  Atrovent  has  also  been  used  with  other  pulmonary  medications,  including 
melhylxanthines  and  corlicosteroids,  without  adverse  drug  interactions 

Carcinogenesis,  tVlutagenesis,  Impairment  of  Fertility  Two-year  oral  carcinogenicity  studies  in  rats  and 
mice  Ki,'  .   '    I  .ji  at  dietary  doses  up  to  6  mgAg/day  ol  Atrovent  Results  ol  various 

mulageii    ',   ■   ;  ■    i  ;■         :  nnnant  lethal  lesl,  mouse  micronucleus  lest  and  chromosome  aberration 

ol  bone  n,j,':i..'.  ,:,  L;.iiii...,L  t.jiii.^i.)  were  negative.  Fertility  ol  male  or  lemale  rats  at  oral  doses  up  to 
50  mg/kg/day  was  unaHected  by  Atrovent  administration.  At  doses  above  90  mg/kg,  increased  resorption  and 
decreased  conception  rates  were  observed 

Pregnancy  TERA  TOGENIC  EFFECTS  Pregnancy  Category  B.  Oral  reproduction  studies  perlormed  in  mice,  rats  and 
rabbits  at  doses  ol  10, 100,  and  125  mg/kg  respectively,  and  inhalation  reproduction  studies  in  rats  and  rabbits  at 
doses  ol  1  5  and  1  8  mg/kg  (or  approximately  38  and  45  limes  the  recommended  human  daily  dose)  respectively, 
have  demonstrated  no  evidence  ol  teratogenic  etiects  as  a  result  ol  Atrovent  However,  no  adequate  or  well- 
controlled  studies  have  been  conducted  in  pregnant  women  Because  animal  reproduction  studies  are  not  always 
predictive  ol  human  response,  Atrovent  should  be  used  during  pregnancy  only  il  clearly  needed 
Nursing  Mothers  it  is  not  known  whether  Atrovent  is  excreted  in  human  milk  Although  hpid-msoluble  quaternary 
bases  pass  into  breast  milk,  it  ts  unlikely  that  Atrovent'  (ipratropium  bromide)  would  reach  the  infant  to  a  signilicant 
extent,  especially  when  taken  by  inhalation,  since  Atrovent  is  not  well  absorbed  systemically  alter  inhalation  or  oral 
administration  However,  because  many  drugs  are  excreted  in  human  milk,  caution  should  be  exercised  when 
Atrovent  is  administered  to  a  nursing  woman. 

Pediatric  Use  Salety  and  ellectiveness  in  children  below  the  age  ol  12  have  not  been  established 
ADVERSE  REACTIONS  Adverse  reaction  inlormation  concerning  Atrovent'  (ipratropium  bromide)  Inhalation 
Solution  IS  derived  Irom  12-week  active-controlled  clinical  trials.  Additional  inlormation  is  derived  Irom  foreign 
posl-mari(eting  experience  and  the  published  literature 

All  adverse  events,  regardless  ol  drug  relationship,  reported  by  three  percent  or  more  patients  in  the  12-week 
controlled  clinical  trials  appear  in  the  table  below 

All  Adverse  Events,  from  Ooubfe-blind,  Parallel.  12-week  Studies  ol  Patients  with  COPD* 

PERCENT  OF  PATIENTS 

Atrovenf      Alupenr      Atrovenr/Alupent'  Albuterol  Atrovent^/Albuterol 

(500  meg  1 1  d)  (15  mg  1 1  d)        (500  meg  1 1  d/  (2  5  mg  1 1  d)        (500  meg  t.Ld/ 

n=219          n^l2              ISmgtid)  n^05             25mgtid) 
n^ioa                                        n^lOO 


Influen2a-like  symptoms   3  7 
Back  pain  32 

Chest  pain  32 


All  Adverse  Events,  Irom  Double-blind.  Parallel.  12-week  Studies  ol  Patients  with  COPD* 

PERCENT  OF  PATIENTS 

Atrovent"     Alupent^     Atrovenf/Alupenr     Albuterol     AtrovenT/Albuterol 

(500  meg  t.i  d)  (15  mg  1 1  d)        (500  meg  1 1  d/        (2  5  mg  1 1  d)        (500  meg  1 1  d/ 
n=219  n-212  ISmglid)  n=205  25mgtid) 


Cardiovascular 

Disorders 

Hypertension/ 

Hypertension 

Aggravated 

09 

19 

Central  &  Peripheral 

Nervous  System 

Oi22iness 

23 

33 

Insomnia 

09 

05 

Tremor 

09 

71 

Nervousness 

05 

47 

Gastrointestinal 

System  Disorders 

Mould  Dryness 

32 

00 

Nausea 

41 

38 

Conslipation 

09 

00 

Musculo-skeletal 

System  Disorders 

Arthritis 

09 

14 

Respiratory  System 

Disorders  (Lower) 

Coughing 

46 

8.0 

Dyspnea 

96 

132 

Bronchilis 

146 

24  5 

Bronchospasm 

23 

2.8 

Spulum  Increasei) 

14 

14 

Respiratory  Disorder 

00 

61 

Respiratory  System 

Disorders  (Upper) 

Upper  Respiratory 

Trad  Inlection 

132 

113 

Pharyngitis 

37 

42 

Rhinitis 

23 

42 

Sinusitis 

23 

28 

•All  adverse  events,  regardless  o 

drug  relationship 

controlled  clinical  trials 

reported  by  three  percent  or  more  patients  in  the  12-week 


Additional  adverse  reaclions  reported  in  less  than  three  percent  ol  the  patients  treated  wilh  Alrovent  include 

tachycardia,  palpitations,  eye  pain,  urrnary  retention,  urinary  tract  Inlection  and  urticaria,  A  single  case  ol 

anaphylaxis  thought  to  be  possibly  related  to  Alrovent  has  been  reported  Cases  ot  precipitation  or  worsening  ol 

narrow-angle  glaucoma  and  acute  eye  pain  have  been  reported 

Lower  respiratory  adverse  reaclions  (bronchilis,  dyspnea  and  bronchospasm)  were  the  most  common  events 

leading  to  discontinuation  ol  Alrovent  therapy  in  the  12-week  trials  Headache,  mouth  dryness  and  aggravation  o( 

COPD  symptoms  are  more  common  when  the  total  dally  dose  ol  Atrovent  eguals  or  exceeds  2,000  meg 

HOW  SUPPLIED  Atrovent'  (ipratropium  bromide)  Inhalation  Solution  Unit-Dose  Vial  is  supplied  as  a  0,02% 

clear,  colorless  solution  containing  2  5  ml  with  25  vials  per  loll  pouch  (NDC  0597-0080-62)  Each  vial  Is  made 

trom  a  low  density  polyethylene  (LDPE)  resin 

Consult  packaQe  insert  before  prescribing. 

AS-BS-9/93 


*  When  used  in  combination  with  a  beta-agonist  solution,  ATROVENT  does  not  significantly  inciease  side  etiects  associated  with  the  beta  agonist  alone. 
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The  AARC  Human 
Resources  Survey: 
A  Study  of 
Respiratory  Care 
Human  Resources 
in  Hospitals 

Covers  .1  wide  range  of  human  resource 

issues,  including  compensation,  numbers 

of  full-time  equivalents,  job  vacancy 

rates,  education,  credentialing,  and 

licensure.  Even  includes  information  on 

age,  sex,  and  years  of  experience.  Includes  comprehensive  summary, 

position  profiles,  salaries,  education,  experience,  credentials,  and  regional 

demographics.  Vacancies  are  inventoried.  68  pages,  66  tables. 

ltemBK12  $35  ($50  nonmembers) 


A  Study  of 
Clironic  Ventilator 
Patients  in  the 
Hospital 

Chronic  ventilator-dependent  patients 
are  costing  American  hospitals  more 
than  $9  million  per  day  according  to 
this  Gallup  study  conducted  for  the 
AARC.  This  important  study  provides 
information  on  patients  who  depend  on 
life-support  systems;  why,  how,  and 
where  they  are  being  treated;  and  the 
cost  of  treatment.  47  pages,  9  tables,  12 
figures. 
Item  BK20  $25  ($50  nonmembers) 

A  Study  of 
Respiratory  Care 
Practice 

This  study  examines  the  practice  of 
respiratory  care  in  today's  health  care 
environment  and  how  hospital 
reorganization  is  affecting  the 
profession.  Includes  chapters  on  medical 
direction,  current  respiratory  care 
services,  nontraditional  services, 
respiratory  care  protocols,  and  hospital 
service  reorganization.  38  pages, 
34  tables,  15  charts. 
Item  BK17  $20  ($40  nonmembers) 
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Policy  and 
Procedure 
Manual 

Save  time  and  money  by 

making  your  department 

more  efficient  with  the 

Policy  and  Procedure 

Manual.  Its  130  pages  of 

policies  and  procedures 

cover  the  aspects  of 

administrative  and  clinical 

respiratory  care  for  both 

adult  and  pediatric  practice. 

Sections  on  administrative 

policies,  therapeutics,  clinical 

monitoring,  and  mechanical 

ventilation.  Standardized  formats  include  objectives,  indications, 

equipment,  policies,  contraindications,  troubleshooting,  procedures, 

hazards,  and  assessment  of  effectiveness. 

Item  BK6  $60  ($70  nonmembers) 


Respiratory 
Home  Care 
Equipment 


Rcipiratory  Home  Care 

Equipment  exclusively 

covers  home  care 

equipment  with  practical 

applications  and  charts  on 

oxygen  concentrators, 

liquid  units,  air 

compressors,  and  home 

care  ventilators.  An 

invaluable  book  for  the 

home  care  practitioner  and 

equipment  technician. 

Details  home  care  devices, 

cleaning,  disinfecting,  and 

monitoring  procedures  to 

minimize  infection.  Includes  guides  for  educating  staff  on 

equipment,  therapy,  patient  assessment,  and  safety.  Features 

procedures  for  gas  administration  and  monitoring  devices, 

humidifiers  and  nebulizers,  artificial  airways  and  resuscitators, 

respirators,  and  ventilators.  By  Steven  P.  McPherson.  Hardcover, 

192  pages,  141  illustrations,  6  tables. 

Item  BK7  $9  ($12  nonmembers) 
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Editorials 


CPGs  1994:  Where  Are  We?  Where  Have  We  Been? 
Where  Are  We  Going? 


After  more  than  4  years  of  concerted  effort  by  Focus 
Groups,  the  Steering  Committee,  outside  resource  persons, 
and  reviewers,  it's  time  for  an  update  on  AARC  CHnical 
Practice  Guidelines  (CPG)  activity.  Indeed,  where  are  we? 
Where  have  we  been?  Where  are  we  going? 

Where  Are  We? 

With  the  four  GuideHnes  pubHshed  in  this  issue  of  the 
Journal — addressing  transcutaneous  monitoring,'  capillary 
blood  gas  sampling,-  body  plethysmography,'  and  indirect 
calorimetry"" — the  total  number  of  approved  and  published 
Guidelines  reaches  33.'' 

Those  Guidelines  have  helped  establish  therapist-driven 
protocols,  found  their  way  into  policy  and  procedure  manu- 
als, provided  indicators  for  quality  improvement  (CQI), 
supported  the  expanded  role  of  the  respiratory  care  practi- 
tioner, and  caught  the  attention  of  the  respiratory  care  com- 
munity worldwide  (Fig.  1). 

The  Association  has  distributed  more  than  15,000 
reprints  of  the  Guidelines  (in  addition  to  their  publication 
in  the  Journal)  and  has  further  fostered  dissemination  by 
permitting  and  encouraging  photocopying  for  purposes  of 
training  and  utilization. 

With  many  basic  procedures  addressed  and  some  re- 
maining to  be  completed,  the  Guideline  emphasis  is  chang- 
ing, some  of  the  players  have  retired,  and  we  will  be  mov- 
ing farther  afield,  but  the  philosophy,  intent,  and  format 
stand  polished  and.  perhaps  while  not  'perfected,"  certain- 
ly enduring  and  true  to  the  Association's  original  pur- 
pose.'" 

Where  Have  We  Been? 

The  Guideline  effort — after  months,  perhaps  years,  of 
thought  and  planning — was  launched  in  1990  by  then  AARC 


president  Jerome  Sullivan.  The  Steering  Committee  was  se- 
lected'" and  Dean  Hess  was  chosen  to  head  up  the  undertak- 
ing. Dean  devised  and  proposed  the  basic  framework  for  the 
Guidelines.'"  The  operational  mode  was  established — an  ex- 
haustive search,  recovery,  and  analysis  of  the  literature 
would  provide  the  launch  pad  for  each  Guideline,  input  from 
clinicians  and  content  specialists  would  set  the  course,  and 
outside  review  would  assure  that  the  Guideline  was  on  target. 
Focus  Groups  were  appointed  and  charged.  The  Review 
Panel  of  650  reviewers  was  assembled.  The  first  year  was 
one  of  intense  effort,  with  some  stops  and  starts  and  falter- 
ing— the  necessary  'shakedown  cruise'  for  each  of  the  Focus 
Groups — but  that  effort  paid  off  with  the  publication  of  the 
first  Guidelines  in  December  1991.'  Each  year  has  seen  con- 
tinued intense  effort  and  the  publication  of  additional 
Guidelines. 

Where  Are  We  Going? 

July  1995  will  see  the  publication  of  Guidelines  ad- 
dressing emergency  airway  management,  respiratory  mus- 
cle training  and  breathing  exercises,  exercise  testing  with 
expired  gas  analysis,  sleep  apnea,  infant-toddler  pul- 
monary functions  testing,  delivery  of  aerosol  to  the  lung 
parenchyma,  assessment  of  bronchodilator  response,  pa- 
tient-therapist education,  neonatal  transport,  and  delivery 
room  resuscitation. 

Guidelines  under  development  for  laler  publication  in- 
clude mechanical  ventilation  in  the  home,  pressure-limited 
ventilation,  high  frequency  oscillatory  ventilation  for  the 
neonate  and  infant,  intubation/extubation.  and  patient  as- 
sessment prior  to  and  during  weaning. 

Each  Focus  Group  member  maintains  an  ongoing  aware- 
ness of  the  need  for  revision  of  specific  Guidelines — collect- 
ing pertinent  papers  and  pertinent  comments  and  observa- 
tions from  clinicians. 
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Fig.  1  AARC  Clinical 
Practice  Guidelines  are 
being  adopted  abroad 
as  well  as  in  the  U.S. 
The  Japanese  publica- 
tion Respiratory  Care 
News  is  shown. 
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Where  does  the  "average'  clinician-therapist-practition- 
er-educator fit  into  the  CPG  effort?  The  CPG  Steering 
Committee  needs  ( 1 )  your  formal  critique  (via  your  partic- 
ipation on  the  Review  Panel — just  send  your  name  and  ad- 
dress to  Joy  Rea,  1 1030  Abies  Ln,  Dallas  TX  75229),  (2) 
your  informal  critique  (positive  or  negative,  by  phone,  fax, 
letter,  or  face-to-face),  (3)  your  suggestions  for  future 
Guidelines,  and  (4)  your  account  of  how  you  and  your  de- 
partment or  program  u.se  the  Guidelines. 

The  AARC  remains  committed  to  the  task  and  the  con- 


cept as  do  the  Steering  Committee,  Focus  Group  members, 
and  reviewers.  Put  CPG  involvement  at  some  level  on  your 
"To-Do"  list  for  1995! 

Pat  Brougher  BA  RRT 

Editor 

Respiratory  Care 

Project  Manager 

Clinical  Practice  Guidelines  Committee 

Dallas,  Texas 
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Guideline  for  Prevention  of  Nosocomial  Pneumonia  and 
Ventilator  Circuits:  Time  for  Change? 


In  this  issue  of  RESPIRATORY  CARE,  the  new  CDC 
Guideline  for  Prevention  of  Nosocomial  Pneumonia  is  pub- 
lished.' It  is  long  overdue,  with  the  previous  guideline  pub- 
lished in  1983.-  Physicians,  respiratory  care  practitioners, 
and  nurses  responsible  for  the  respiratory  care  of  patients 
should  find  this  guideline  useful.  In  addition  to  the 
Guideline,  a  current  review  of  the  literature  (over  700  refer- 
ences) related  to  issues  on  prevention  of  nosocomial  pneu- 
monia is  provided. 

Many  respiratory  cai'e  practitioners  have  anxiously  await- 
ed this  Guideline  for  more  contemporary  recommendations 
regarding  ventilator-circuit  change  frequency.  Previous 
guidelines  suggested  daily  ventilator-circuit  changes. 
However,  studies  published  since  those  guidelines  resulted  in 
the  common  practice  of  changing  circuits  every  48  hours. '■■* 
More  recently,  evidence  has  emerged  suggesting  that  ventila- 
tor circuits  may  not  need  to  be  changed  at  all.'  The  issue  of 
ventilator-circuit-change  frequency  is  cun-ently  a  hot  topic — 
there  were  six  OPEN  FORUM  abstracts  presented  at  this  year's 
A  ARC  meeting  on  this  subject.*"" 

I  suspect  that  many  respiratory  care  practitioners  will  be 
disappointed  with  the  new  CDC  recommendations  for  ven- 
tilator-circuit-change frequency: 

Do  not  routinely  change  more  frequently  than  every 
48  hours  the  breathing  circuit,  including  tubing  and 
exhalation  valve,  and  the  attached  bubbling  or  wick 
humidifier  of  a  ventilator  that  is  in  use  on  an  indi- 
vidual patient.  No  recommendation  for  maximum 
length  of  time  after  which  the  breathing  circuit  and 
the  attached  bubbling  or  wick  humidifier  of  a  venti- 
lator in  use  on  a  patient  should  be  changed.' 

What  does  this  mean?  Why  didn't  the  CDC  take  a 
stronger  stand  on  this  issue?  How  does  this  help  me  con- 
vince my  Infection  Control  Department  to  allow  circuits  to 
be  changed  once  per  week? 

In  reality,  there  is  not  strong  evidence  in  the  literature 
for  infrequent  ventilator-circuit  changes  (eg,  change  inter- 
vals longer  than  48  hours).  There  are  too  few  good  studies 
in  the  peer-reviewed  literature  to  make  a  stronger  recom- 
mendation on  this  issue.  The  Guideline  is  worded  in  a 
manner  that  allows  less  frequent  circuit  changes  but  places 
the  responsibility  on  the  hospital  to  determine  the  specific 


ventilator-circuit-change  frequency  beyond  48  hours. 

I  personally  believe  that  strong  circumstantial  evidence 
supports  weekly  circuit  changes  (and  perhaps  even  less 
frequent  than  that).  I  also  believe  that  respiratory  care 
practitioners  can  work  with  infection  control  practitioners 
to  design  infection  control  surveillance  programs  that  pro- 
vide institution-specific  data  to  support  less  frequent  cir- 
cuit changes.  We  did  that  at  the  Massachusetts  General 
Hospital — and  it  resulted  in  our  weekly  circuit-change  pol- 
icy. 

Why  Infrequent  Circuit  Changes? 

Changing  ventilator  circuits  is  not  a  benign  procedure. 
Circuits  are  changed  on  ventilators  attached  to  the  most 
critically  ill  patients  in  the  hospital.  The  incidence  of  seri- 
ous incidents  occuning  during  ventilator-circuit  changes  is 
unknown  and  is  probably  under-reported.  I  am  certain  that 
circuits  are  changed  on  ventilators  attached  to  patients  for 
whom  the  risk  of  injury  related  to  the  circuit  change  is 
greater  than  the  risk  of  pneumonia  if  the  circuit  were  not 
changed.  I  am  sure  that  many  respiratory  care  practitioners 
(myself  included)  have  made  the  clandestine  decision  not 
to  change  a  ventilator  circuit  for  a  critically  ill  patient  due 
to  fear  of  an  adver.se  event  during  the  circuit  change. 

Frequent  changing  of  ventilator  circuits  is  expensive, 
both  in  terms  of  materials  and  personnel  time.  At  the 
Massachusetts  General  Hospital,  we  realized  a  materials 
cost  reduction  of  nearly  $40,000  per  year  with  weekly  ven- 
tilator circuit  changes  (as  compared  to  48-hour  circuit 
changes).  Further,  about  1,330  hours  of  personnel  time  (> 
0.5  full-time-equivalent)  were  saved.  These  savings  be- 
come increasingly  important  in  the  current  era  of  person- 
nel downsizing  and  shrinking  budgets.  It  is  critical  for  us, 
as  respiratory  care  practioners,  to  identify  areas  where  sav- 
ings can  be  realized — allowing  us  to  concentrate  time  and 
resources  on  other  important  areas.  For  example,  I  would 
much  rather  see  the  respiratory  therapist  have  time  to  inter- 
act with  physicians  about  a  patient's  ventilator  manage- 
ment than  to  spend  that  time  performing  an  unnecessary 
task. 

In  the  acute  care  .setting,  most  of  the  cost  savings  are  re- 
alized by  extending  the  ventilator-circuit-change  frequen- 
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cy  to  every  7  days.  At  the  Massachusetts  General  Hospital, 
more  than  80%  of  patients  are  ventilated  for  less  than  1 
week.  Thus,  fewer  than  20%  of  ventilated  patients  ever 
have  their  circuits  changed. 

What  is  the  Evidence? 

The  two  most  important  routes  of  bacterial  invasion  of 
the  lower  respiratory  tract  are  aspiration  of  oropharyngeal 
secretions  and  inhalation  of  aerosols  containing  bacteria.' 
Current  evidence  strongly  supports  aspiration  as  the  most 
important  cause  of  nosocomial  pneumonia.  It  is  now  rec- 
ognized that  cuffed  endotracheal  tubes  do  not  prevent  aspi- 
ration of  oropharyngeal  secretions.  From  my  review  of  the 
literature  on  this  subject,'- 1  have  become  strongly  con- 
vinced that  nosocomial  pneumonia  in  intubated  mechani- 
cally ventilated  patients  is  more  likely  to  result  from  what 
is  aspirated  around  the  endotracheal  tube  than  from  what  is 
breathed  through  the  endotracheal  tube.  If  this  hypothesis 
is  correct,  then  the  frequency  of  ventilator  circuit  changes 
should  have  little  impact  on  ventilator-associated  pneumo- 
nia rates,  provided  that  reasonable  infection  control  prac- 
tices are  followed.  As  stated  by  Reinarz  et  al  in  1965,  "res- 
pirators without  mainstream  reservoir  nebulizers  impose 
no  greater  risk  to  a  patient  than  that  imposed  by  breathing 
room  air."'^ 

Lareau  et  al'"*  compared  ventilator-associated  pneumo- 
nia rates  with  circuit-change  intervals  of  8,  16,  and  24 
hours.  They  found  no  difference  in  pneumonia  rates  at 
these  three  intervals.  Although  they  did  not  study  circuit 
changes  greater  than  24  hours,  their  study  was  important 
because  it  suggested  that  frequent  circuit  changes  do  not 
decrease  the  risk  of  ventilator-associated  pneumonia. 

Craven  et  al,'  in  a  frequently  cited  paper,  compared  the 
incidence  of  ventilator-circuit  contamination  in  44  patients 
for  whom  circuits  were  changed  every  24  hours  and  in  5 1 
patients  for  whom  circuits  were  changed  every  48  hours. 
There  are  several  important  findings  of  this  study.  First,  no 
significant  difference  in  circuit  colonization  was  seen  be- 
tween the  two  groups.  Second,  contaminants  in  the  circuits 
originated  from  respiratory  tracts  of  the  patients — in  other 
words,  the  patient  contaminated  the  circuit,  and  not  vice 
versa!  Third,  water  in  virtually  all  Cascade-type  humidi- 
fiers remained  sterile,  in  spite  of  heavy  contamination  of 
the  circuit  near  the  patient.  Based  upon  the  results  of  this 
study,  it  became  common  practice  to  change  ventilator  cir- 
cuits every  48  hours,  as  opposed  to  every  24  hours. 
However,  it  is  important  to  recognize  that  this  study  did 
not  evaluate  pneumonia  rates.  It  only  measured  circuit  col- 
onization. 

Craven  et  al'''may  have  been  the  llrst  to  evaluate  risk  fac- 
tors for  nosocomial  pneumonia  using  multivariate  statistical 
techniques.  Among  those  factors  found  to  be  significantly  as- 


sociated with  the  development  of  ventilator-associated  pneu- 
monia, the  odds  ratio  was  2.3  if  circuits  were  changed  at  24- 
hour  intervals  rather  than  48-hour  intervals.  In  other  words, 
the  risk  of  ventilator-associated  pneumonia  was  actually 
greater  if  circuits  were  changed  more  frequently! 

Perhaps  the  most  scientifically  rigorous  study  to  evalu- 
ate the  effects  of  circuit-change  frequency  on  ventilator- 
associated  pneumonia  rates  was  conducted  by  Dreyfuss  et 
al.'^They  compared  48-hour  circuit  changes  with  no  circuit 
changes.  This  was  a  1-year  study  in  which  35  patients  were 
randomized  to  have  their  circuits  changed  every  48  hours, 
and  28  patients  were  randomized  to  never  have  their  cir- 
cuits changed.  Pneumonia  was  precisely  diagnosed  using 
invasive  procedures.  Between  groups,  there  was  a  similar 
pneumonia  rate  (31.4%  in  the  circuit-change  group,  28.5% 
in  the  no-circuit-change  group,  p  -  0.8),  duration  of  me- 
chanical ventilation  (5-25  days  with  circuit  changes,  5-14 
days  with  no  circuit  changes,  p  =  0.7),  and  mortality  (8.6% 
with  circuit  changes,  7.1%  with  no  circuit  changes,  p  = 
0.8).  Bacterial  colonization  of  the  circuit  usually  followed 
colonization  of  the  pharynx  and  trachea,  and  colonization 
of  water  in  the  humidifier  was  rare  (heated  Cascade-type 
humidifiers  were  used). 

Several  studies  conducted  at  the  Massachusetts  General 
Hospital  evaluated  circuit  contamination  and  circuit- 
change  frequency  in  neonates. '*■''  Based  upon  the  results 
of  these  studies,  we  adopted  the  practice  of  changing  cir- 
cuits only  between  patients  (circuits  are  not  routinely 
changed  on  mechanically  ventilated  patients  in  our  neona- 
tal ICU).  More  recently,  we  compared  ventilator-associat- 
ed pneumonia  rates  for  adult  patients  in  whom  circuits 
were  either  changed  at  48-hour  or  7-day  intervals.^'-  In 
this  study  including  over  3,000  patients  and  more  than 
18,000  ventilator  days,  no  significant  difference  was  seen 
in  ventilator-associated  pneumonia  rates  (the  pneumonia 
rate  was  actually  a  bit  lower  with  7-day  circuit  changes). 
Based  upon  these  results,  we  adopted  the  practice  of  week- 
ly circuit  changes  in  adult  mechanically  ventilated  patients 
at  the  Massachusetts  General  Hospital. 

Unresolved  Issues 

There  are  a  number  of  unresolved  issues  related  to  ven- 
tilator-circuit-change interval,  and  I  briefly  summarize 
each  of  these. 

Cascade-Type  vs  Wick  Humiditlers 

Cascade-type  humidifiers  bubble  gas  through  water, 
and  the  bursting  bubble  effect  of  these  humidifiers  can 
produce  microaerosols.  Wick  humidifiers,  on  the  other 
hand,  humidify  gas  by  passing  it  over  a  water-saturated 
wick.  Rhame  et  a!."*  in  an  in-vitro  study,  showed  that 
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Cascade-type  humidifiers  produce  microaerosols  that  can 
carry  bacteria.  However,  the  study  had  two  major  flaws. 
None  of  the  humidifiers  was  heated,  and  tubing  from  the 
humidifier  was  only  20  cm  in  length — unUkely  conditions 
during  mechanical  ventilation  of  adults.  Gouiarte  et  a!'"' 
found  that  the  high  temperature  in  the  reservoir  of 
Cascade-type  humidifiers  is  bactericidal  for  nosocomial 
pathogens.  Because  colonization  of  in-use  Cascade-type 
humidifiers  is  low,  microaerosols  produced  by  Cascade- 
type  humidifiers  are  unlikely  sources  of  ventilator-associ- 
ated pneumonia. 

Several  studies  have  suggested  that  ventilator-circuit- 
change  intervals  can  be  extended,  even  with  the  use  of 
Cascade-type  humidifiers.'' '-  I  do  not  believe  that  there  is 
sufficient  evidence  to  suggest  that  wick  humidifiers  are  su- 
perior to  Cascade-type  humidifiers  relative  to  the  risk  for 
ventilator-associated  pneumonia. 

Heated  vs  Unhealed  Circuits 

Heated  circuits  are  used  to  minimize  condensation  in 
ventilator  circuits.  However,  circuit  contamination  almost 
always  arises  from  the  patient.'-" Thus,  it  might  be  argued 
that  protecting  the  patient  from  ventilator  condensate  does 
nothing  more  than  protect  the  patient  from  himself. 
Certainly  it  is  reasonable  (and  appropriate)  to  use  in-line 
water  traps  to  aseptically  evacuate  circuit  condensate  at 
regular  intervals  and  to  avoid  bolus  lavage  of  the  patient 
with  circuit  condensate.  Circuit  condensate  may  contami- 
nate the  caregiver  and  other  patients  in  the  same  unit,  and 
dealing  with  circuit  condensate  can  be  an  inconvenience. 
However,  it  is  not  clear  that  circuit  condensate  increases 
the  risk  for  ventilator-associated  pneumonia — particularly 
if  care  is  taken  to  remove  it  periodically. 

To  my  knowledge,  no  scientific  evidence  confirms  that 
heated  circuits  reduce  the  incidence  of  ventilator-associat- 
ed pneumonia.  Heated  circuits  may  be  convenient  for  care- 
givers but  may  put  patients  at  risk  for  airway  occlusion  due 
to  inadequate  humidification.-'--  If  heated  circuits  are 
used,  care  must  be  taken  to  assure  that  the  patient's  in- 
spired gases  are  adequately  humidified.  When  heated  cir- 
cuits are  used  the  temperature  of  the  humidifier  reservoir 
does  not  need  to  be  as  great,  and  one  might  speculate  that 
this  could  result  in  growth  of  pathogens  within  the  humidi- 
fier reservoir.  It  is  not  known  whether  this  occurs  or 
whether  there  are  any  clinical  consequences  if  it  does 
occur. 


temperature  within  the  humidifier  reservoir  may  be  bacte- 
ricidal for  respiratory  pathogens.  Daschner  et  al-'  found 
that  the  use  of  a  closed-feed  humidification  system  did  not 
affect  the  ventilator-associated  pneumonia  rate. 

Artificial  Nose  vs  Active  Humidification 

Because  artificial  noses  trap  the  patient's  exhaled  hu- 
midity, the  ventilator  circuit  remains  dry.  Some  artificial 
noses  also  serve  as  filters.  Thus,  artificial  noses  should  de- 
crease circuit  contamination.  However,  circuit  contamina- 
tion usually  comes  from  the  patient.  Is  our  goal  to  protect 
the  circuit  from  the  patient?  It  is  unclear  whether  the  use  of 
artificial  noses  reduces  the  risk  of  ventilator-associated 
pneumonia.  To  my  knowledge  no  prospective  randomized 
trial  of  heated  humidifiers  vs  artificial  noses  of  sufficient 
sample  size  (ie,  adequate  statistical  power)  has  answered 
this  question.  Although  concern  remains  about  the  effec- 
tiveness of  these  devices  as  humidifiers,  artificial  noses 
probably  can  be  used  safely  with  proper  patient  selection.-'' 

In-Line  Nebulizers 

Craven  et  al-'  have  shown  that  medication  nebulizers 
used  in-line  during  mechanical  ventilation  are  frequently 
contaminated.  Because  these  produce  aerosols  that  can  be 
delivered  into  the  lower  respiratory  tract,  they  are  a  poten- 
tial cause  of  ventilator-associated  pneumonia  The  me- 
tered-dose  inhaler  can  be  used  to  deliver  aerosolized  medi- 
cations into  the  ventilator  circuit  without  opening  the  sys- 
tem. I  have  suggested  that  use  of  metered-dose  inhalers  has 
a  lower  risk  for  ventilator-associated  pneumonia  than  neb- 
ulizers,-* but  this  has  not  been  scientifically  investigated. 

Bag- Valve  Resuscitators 

Several  studies-'-*  have  shown  that  bag-valve  resusci- 
tators at  the  bedside  of  mechanically  ventilated  patients  are 
frequently  contaminated.  These  devices  should  be  changed 
at  regular  intervals,  but  the  appropriate  interval  is  not 
known.  Although  its  effectiveness  is  unproven,  our  prac- 
tice is  to  cap  the  patient  connection  of  the  resuscitator 
when  it  is  not  in  use;  the  same  cap  is  placed  on  the  ventila- 
tor Y-piece  when  the  ventilator  is  removed  from  the  pa- 
tient. 

Open  vs  Closed  Suction 


Open  vs  Closed-Feed  Systems 

It  is  reasonable  to  expect  that  a  closed-feed  humidifica- 
tion system  should  decrease  the  contamination  of  the  hu- 
midifier reservoir.  However,  as  I  stated  previously,  the 


Whether  closed  suction  systems  lower  the  incidence  of 
nosocomial  pneumonia  is  currently  unclear.  Deppe  et  al-'' 
found  that  the  incidence  of  ventilator-associated  pneumo- 
nia was  similar  in  groups  of  patients  randomized  to  open 
suction  (29%)  or  closed  suction  (26%).  It  may  be  reason- 
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able  to  use  these  devices  in  patients  who  aheady  have  a 
pneumonia  to  prevent  spraying  of  ventilator  circuit  con- 
densate and  tracheal  secretions  into  the  environment  of  the 
ICU  during  suctioning. 

Acute  Care  vs  Long-Term  Care  Settings 

Most  studies  of  ventilator-associated  pneumonia  have 
been  conducted  in  the  acute  care  setting  and,  usually,  in  a 
critical  care  setting.  We  need  to  learn  more  about  the  risk 
factors  for  pneumonia  in  patients  ventilated  outside  the 
ICU.  We  also  need  studies  to  determine  how  frequently 
ventilator  circuits  should  be  changed  in  such  settings. 

Diagnosis  of  Ventilator-Associated  Pneumonia 

The  diagnosis  of  pneumonia  in  ventilated  patients  is  diffi- 
cult. Traditionally,  the  diagnosis  has  been  based  on  clinical 
indicators  such  as  new  or  persistent  infiltrate  and  puailent 
sputum.'"  Recently,  invasive  bronchoscopic  quantitative 
methods  (eg,  protected  specimen  brush  and  bronochoalveo- 
lar  lavage)  have  been  used  to  more  precisely  diagnose  pneu- 
monia in  mechanically  ventilated  patients.  However,  these 
methods  are  not  without  disadvantages — they  are  invasive, 
expensive,  and  may  be  less  useful  in  patients  already  treated 
with  antibiotics.  Several  recent  papers  have  urged  caution  in 
the  use  and  interpretation  of  these  new  diagnostic  approach- 
es.''■'-  Further,  methods  such  as  quantitative  cultures  are  not 
available  in  all  hospitals. 

I  doubt  that  anyone  would  suggest  the  use  of  invasive 
techniques  for  routine  infection  surveillance.  This  creates  a 
dilemma  for  respiratory  care  practitioners  and  infection 
control  practitioners  conducting  hospital  epidemiologic 
studies  of  ventilator-associated  pneumonia.  Methods  nec- 
essary to  increase  the  accuracy  of  diagnosing  ventilator-as- 
sociated pneumonia  cannot  be  routinely  used  because  they 
are  invasive  and  expensive,  but  the  results  of  epidemiolog- 
ic studies  based  on  clinical  criteria  will  be  questioned  be- 
cause of  potential  inaccuracy  of  the  diagnosis.  For  infec- 
tion control  purposes,  ventilator-associated  pneumonia 
will  most  frequently  be  identified  based  upon  clinical  cri- 
teria. The  clinical  criteria  used  should  be  consistent  with 
the  recommendations  of  the  CDC,"'  and  a  uniform  ap- 
proach should  be  used  by  trained  clinicians.  Almost  all 
past  studies  of  the  epidemiology  of  ventilator-associated 
pneumonia  have  been  based  upon  clinical  criteria. 

Recommendations 

Ventilator-associated  pneumonia  may  not  be  ventilator 
related.  I  personally  believe  that  ventilator  circuits  can  be 
changed  at  weekly  intervals  (and  perhaps  less  frequently).  I 
am  not  particularly  bothered  that  the  new  CDC  Ciuideline 


does  not  .say  this.  I  am  encouraged  that  the  Guideline  allows 
ventilator-circuit-change  intervals  greater  than  48  hours.  I 
challenge  respiratory  care  practitioners  to  work  together  with 
infection  control  practitioners  to  resolve  the  issues  related  to 
ventilator-circuit-change  frequency.  Having  done  that,  I  fur- 
ther challenge  all  of  us  to  conduct  these  quality  assurance 
projects  in  a  scientifically  rigorous  manner,  so  that  the  results 
can  be  published  in  the  peer-reviewed  literature. 
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TB  Control  Guidelines  Deserve  Our  Attention,  Too 


The  CDC  Guidelines  for  Preventing  the  Transmission  of 
Mycobacteiium  Tuberculosis  in  Health-Care  Facilities,  1994^ 
became  effective  on  October  28.  1994.  These  Guidelines  have 
been  under  development  for  more  than  a  year,  and,  in 
November  1993,  the  AARC  guided  by  then  President  Diane 
Lewis  and  Cheryl  Brown,  Director  of  Government  Affairs  for 
the  AARC,  submitted  comments,  some  of  which  have  been  in- 
corporated into  this  final  version.  AARC  concerns  centered 
around  the  use  of  protective  devices  in  the  hospital  and  in  the 
home,  and  the  need  for  specific  precautions  during  bron- 
choscopy and  pentamidine  aerosol  administration. 

The  document  is  being  printed  in  its  entirety  in  the 
Morbidity  and  Mortality  Weekly  Report  (MMWR) 
Recommendations  and  Reports.  Instruction  for  retrieval  from 
the  Federal  Register  are  as  follows:  "For  copies  of  the 
MMWR  printing,  call  CDC's  Voice  Information  System 
(VIS)  at  (404)  639-1819  or  write  the  Centers  for  Disease 
Control  and  Prevention  (CDC),  Information  Services, 
Mailstop  E-06,  Atlanta  GA  30333.  An  electronic  version  of 
the  document  [is]  available  via  Anonymous  FTP  from 
ftp.cdc.gov.  Type  'Anonymous'  for  the  user  name  and  your  e- 
mail  address  for  the  password.  Select  the  pub  directory,  then 
the  tbdoc  subdirectory.  Retrieve  the  README  file  for  instruc- 
tions on  document  viewing  and  printing." 


Managers,  administrators,  department  directors,  medical 
directors,  and  educators  and  trainers  need  to  be  conversant 
with  the  content  of  the.se  Guidelines  and  their  implications 
for  patient  and  caregiver  protection  and  respiratory  care  pro- 
cedures. Copies  of  this  document  and  the  Guideline  for  the 
Prevention  of  Nosocomial  Pneumonia-  (published  in  this 
issue  of  the  Journal)  belong  in  every  respiratory  care  depart- 
ment! 

Pat  Brougher  BA  RRT 

Editor 

Respiratory  Care 

Dallas,  Texas 
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Aerosol  Research:  How  Should  We  Skin  This  Cat? 


Aerosol  therapy  continues  to  play  an  imfxjrtant  role  in  con- 
temporary medicine  and  in  respiratory  care  in  particular.  The 
number  of  drugs,  other  than  bronchodilators,  that  have  been 
studied  or  proposed  for  topical  delivery  to  the  lungs  or  upper 
airways  by  the  aerosol  route  have  increased  appreciably  over 
the  past  few  years.  Certainly,  corticosteroids  and  antimicro- 
bials, such  as  pentamidine'  and  ribavirin,-  immediately  come 
to  mind.  But  other  agents,  such  as  aminoglycosides,'  antipro- 
teases,'*  surfactant,'  antioxidants,*'  and  cyclosporine^  are  re- 
ceiving their  share  of  attention.  At  first  blush,  the  recent  intro- 
duction of  an  aerosol  formulation  of  genetically-engineered 
recombinant  human  deoxyribonuclease  (rhDNase)  for  mucoly- 
sis  in  cystic  fibrosis  (CF)  patients'*  might  seem  to  be  the 
apotheosis  of  aerosol  therapy.  But  my  guess  is  that  the  penulti- 
mate accolades  will  be  reserved  for  a  simple  and  reliable 
aerosol  method  of  delivering  copies  of  nonnal  CF  genes  to  the 
airway  epithelium  of  ambulatory  CF  patients.  But  this  will  re- 
quire more  than  just  development  of  a  suitable  pharmaco- 
logic preparation! 

Although  aerosol  therapy  is  at  least  50  years  old,  the 
importance  of  the  delivery  system  is  only  now  being  ap- 
preciated. The  relative  ease  with  which  aerosolized  beta 
agonists  are  administered  and  the  usually  predictable  ther- 
apeutic response  that  ensues  readily  lead  to  the  assumption 
that  aerosol  therapy  is  facile.  Yet,  it  is  now  well  known 
that  the  choice  of  delivery  system  has  a  profound  effect  on 
the  efficiency  of  drug  delivery  by  the  aerosol  route.  Note 
that  I  stress  the  delivery  system  rather  than  the  small  vol- 
ume nebulizer  (SVN)  or  metered  dose  inhaler  (MDI)  itself. 
A  system  is  composed  of  interrelated  parts,  each  of  which 
contributes  to  the  uniqueness  and  function  of  the  whole. 
Rather  than  the  singular  devices  as  they  were  originally 
conceived,  the  SVN  and  the  MDI  are  now  evolving  as 
components  of  larger  systems. 

This  assertion  is  supported  by  a  number  of  examples. 
At  least  two  different  brands  of  SVN  have  been  intention- 
ally augmented  by  directional  valves  and  additional  tubing 
for  the  express  purpose  of  baffling  large  particles  and  cre- 
ating an  aerosol  of  uniformly  smaller  particles.'*  This  col- 
lection of  tubing,  valves,  and  nebulizer,  used  specifically 
to  deliver  pentamidine  aerosol  to  the  alveolar  level,  is  dis- 
tinctly a  system.  The  classic  MDI,  virtually  unchanged 
since  its  introduction  in  1956,  has  been  improved  in  the 


last  decade  by  the  addition  of  a  reservoir,  often  known  as  a 
spacer.  These  parts,  joined  and  working  in  concert  with 
one  another,  are  a  system.  The  addition  of  an  integral  pedi- 
atric mask  to  one  end  of  the  spacer  represents  further  evo- 
lution of  that  particular  system. 

Building  upon  the  system  concept  and  apparently  bor- 
rowing ideas  from  both  of  these  examples,  an  SVN  utiliz- 
ing principles  of  directional  flow,  baffling,  adjustable  in- 
spiratory resistance,  and  a  spacer  has  now  been  introduced. 
This  device  has  already  undergone  limited  clinical  testing 
as  reported  by  Mason  et  al"^  in  this  issue  of  RESPIRATORY 
Care. 

The  evolution  and  increasing  complexity  of  aerosol  de- 
livery systems  leads  to  still  another  issue.  Namely,  how  are 
these  hybrid  systems  going  to  be  tested,  characterized,  and 
reported?  Traditional  pharmaceutical  research  has  stressed 
the  dose-response  or  pharmacokinetic  approach  to  evaluat- 
ing drug  therapy.  However,  this  is  only  a  partial  approach 
for  evaluating  aerosol  drug  therapy  because  of  the  vast 
number  of  variables,  including  variations  in  delivery  sys- 
tems. Thus,  the  aerosol  test  bench  should  be  the  first  stop 
in  any  study  that  seeks  to  evaluate  the  efficiency  of  a  new 
aerosol  delivery  device,  especially  a  hybrid  device  that 
borrows  and  combines  concepts  from  a  multitude  of 
sources. 

The  importance  of  bench  studies  in  aerosol  research 
should  not  be  underestimated.  Previous  clinical  studies 
conducted  in  my  institution  found  that  disposable  plastic 
nebulizers,  even  from  the  same  lot,  do  not  always  perform 
comparably.'  "'-Thus,  when  conducting  studies  involving 
many  nebulizers,  we  now  customarily  pretest  a  sufficient 
number  of  devices  to  ascertain  that  they  all  function  com- 
parably or  to  identify  and  discard  outliers  from  the  group 
that  will  be  used  clinically  or  in  further  bench  tests.  This 
simple  but  often  overlooked  procedure  can  help  to  ascer- 
tain whether  aberrant  results  in  a  clinical  study,  for  exam- 
ple, are  due  to  system  factors  or  patient  factors. 

The  procedure  nicknained  "standing  cloud"'-"  uses  an  ab- 
solute filter  to  capture  all  particles  that  leave  the  nebulizer  as  it 
is  run  to  dryness.  Identical  amounts  of  drug  or  radioactive  trac- 
er are  placed  in  a  series  of  nebulizers,  and  the  experiment  is  re- 
peated for  each.  Duration  of  nebulization  until  dryness  and/or 
the  amount  of  drug  or  tracer  measured  on  the  filter  form  the 
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basis  for  comp;irability.  Simple  statistical  analysis  character- 
izes like  pertbmiers  and  identities  outliers  in  the  sample. 

One  situation  in  which  tlie  st;inding-cloud  measurement 
would  be  \  aluable  is  the  testing  of  new  aerosol  delivery  systems 
that  ha\e  been  created  from  combining  features  of  others.  In  the 
paper  by  Mason  et  al'"  in  this  issue  of  RESPIRATORY  CARE,  for 
example,  the  standing-cloud  measurement  would  have  been 
useful  in  determining  whether  there  were  any  intrinsic  differ- 
ences between  the  two  nebulizers  u.sed  in  the  study.  The  paper 
makes  a  comparison  between  a  stand-alone  nebulizer  of  one 
brand  and  another  brand  of  nebulizer  incorporated  into  a  system. 
While  the  results  of  the  study  are  indeed  interesting,  the  absence 
of  preliminary  bench  testing  raises  additional  questions. 

Tliis  should  be  taken  as  commerit;iry  rather  than  criticism 
inasmuch  as  appropriate  testing  of  new  and  increasingly  com- 
plex aerosol  delivery  systems  is  itself  a  new  and  increasingly 
complex  venture.  While  unusual  for  one  editorial  to  point  to 
another.  I  am  compelled  to  recommend  a  recent  editorial  by 
Smaldone."  in  the  Journal  of  Aerosol  Medicine.  It  explores 
many  facets  of  the  technical  issues  of  aerosol  drug  delivery 
and  some  of  the  problems  investigators  are  experiencing  in  uti- 
lizing a  common  language  for  reporting  and  describing  their 
work.  However,  despite  these  problems,  it  is  clear  that  a  new 
era  is  dawning  in  the  field  of  aerosol  drug  delivery,  and  it  is  ac- 
companied by  an  awakening  recognition  of  the  need  for  im- 
proved assessment  of  aerosol  delivery  system  function  and 
performance. 

Michael  McPeck  BS  RRT 

Director,  Respiratory  Care  Department 

University  Hospital 

Clinical  Assistant  Professor 

Respiratory  Care  Program 

School  of  Health  Technology  &  Management 

State  University  of  New  York 

at  Stony  Brook 

Stony  Brook,  New  York 
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Comparison  of  Aerosol  Delivery  via  Circulaire  System  vs 
Conventional  Small  Volume  Nebulizer 

John  W  Mason  RRT,  Warren  C  Miller  MD,  and  Sherry  Small  CNMT 

BACKGROUND:  Contemporary  small  volume  nebulizers  have  the  disadvantages 
of  low  efliciency,  extrapulmonary  deposition  of  medication  leading  to  side  effects, 
and  possible  environmental  contamination.  DESCRIPTION  OF  DEVICE:  The 
Circulaire  nebulizer®  is  mated  to  a  circuit  that  includes  a  one-way  valve  to  baffle 
large  particles  and  direct  airflow,  a  distensible  reservoir  to  capture  aerosol  from  the 
nebulizer  during  expiration,  and  a  variable  resistor  to  optimize  nebulizer  function 
for  the  individual  patient.  EVALUATION  METHODS:  Performance  of  9  units  of 
the  new  device  (nebulizer  plus  circuit)  was  compared  to  performance  of  9  conven- 
tional nebulizer  units  by  aerosol  techniques  that  permitted  quantitation  of  aerosol 
deposition.  RESULTS:  Compared  to  a  conventional  nebulizer,  the  Circulaire  sys- 
tem produced  a  statistically  significant  improvement  (p  <  0.05)  in  lung  deposition 
(50%  increase),  a  fivefold  reduction  in  extrapulmonary  deposition,  and  a  twofold 
reduction  in  amount  of  aerosol  escaping  to  the  environment.  CONCLUSION:  Our 
study  suggests  that  the  Circulaire  system  demonstrates  ( 1 )  improved  efTiciency  of 
aerosol  delivery  to  the  lungs,  (2)  reduced  aerosol  deposition  in  the  body  outside  of 
the  lungs,  and  (3)  less  escape  of  aerosol  to  the  environment  when  compared  to  a  con- 
ventional nebulizer.  [Respir  Care  1994;39(  12):  1 157-1 161.) 


Introduction 

Among  the  options  for  delivery  of  aerosol  therapy,  small  vol- 
ume nebulizers  are  popular  and  versatile  devices,  but  they  are  far 
from  perfect.  One  of  the  problems  is  their  low  efficiency  (ie,  the 
small  fraction  of  the  fill  volume  actually  deposited  in  the  lungs). 
Investigators  have  demonstrated  that  only  21-\2A%  of  the  med- 
ication placed  in  the  nebulizer  is  deposited  in  the  lungs.  '"■  A  typi- 
cal delivery  is  no  more  than  about  10%.  If  low  efficiency  were 
the  only  factor,  simply  increasing  the  dose  might  suffice  because 
most  aerosol  medication  is  relatively  inexpensive.  Unfortunately, 
conventional  small  volume  nebulizers  (SVNs)  produce  a  variety 
of  particle  sizes,  the  larger  of  which  impact  the  pharynx,  are  sys- 
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temically  absorbed,  and  may  produce  undesirable  side  effects. 
The  larger  particles  may  be  in  part  removed  from  the  nebulizer 
output  by  the  use  of  a  spacer  and/or  one-way  valve  baffle  such  as 
that  incorporated  into  the  Respirgard  E®  nebulizer  approved  for 
inhaled  pentamidine.*"  Unfortunately,  this  may  lead  to  even  less 
efficiency — approximately  4-5%.^'' 

Low  efficiency  is  due  in  part  to  the  so-called  dead  volume  (ie, 
the  volume  of  the  medication  plus  diluent  remaining  in  the  S  VN 
that  cannot  be  aerosolized)  and  in  large  part  to  the  aerosol  vented 
to  the  atmosphere  during  the  expiratory  phase  of  the  respiratory 
cycle."'  One  solution  is  to  somehow  capaire  the  otherwise  lost 
aerosol  for  subsequent  inhalation.  We  evaluated  a  new  nebulizer 
design  that  utilizes  a  spacer  and  baffles  coupled  with  a  distensible 
reservoir.  Our  hypothesis  was  that  compared  to  a  conventional 
SVN,  the  Circulaire®  nebulizer  with  its  inspiratory  circuit  (C- 
system)*  would  provide  equal  or  greater  efficiency  while  mini- 
mizing deposition  in  the  gastrointestinal  tract. 

An  additional  concern  with  conventional  SVN  therapy  is 
release  of  aerosol  into  the  environment.  Therefore,  our  second 


*Manufacturers  and  suppliers  are  identified  in  the  Product  Source 
section  at  the  end  of  the  text. 
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hypothesis  was  that  less  aerosol  would  escape  into  the  envi- 
ronment with  the  C-system. 

Description  of  Device 

The  C-system  is  a  small  volume  jet  nebulizer  mated  to  a 
breathing  circuit  designed  to  optimize  function  (Fig.  1 ).  A  one- 
way valve  placed  between  the  nebulizer  and  the  patient  serves 
as  a  baffle  to  remove  many  of  the  larger  particles  otherwise 
destined  for  loss  to  room  air  or  for  pharyngeal  deposition  in  the 
patient.  The  one-way  valve  also  directs  the  nebulizer  output  to 
the  distensible  reservoir  during  expiration.  TTie  reservoir  cap- 
tures the  aerosol  during  expiration  and  makes  it  available  to 
the  patient  on  subsequent  inspiration.  To  provide  patients  with 
additional  air  should  they  inhale  beyond  the  combined  volume 
of  the  reservoir  and  the  nebulizer  output,  a  port  open  to  ambi- 
ent air  is  required.  For  the  device  to  function  prof)erly,  this  port 
is  provided  with  an  inspiratory  retard  that  may  be  adjusted  so 
that  it  is  sufficient  to  overcome  the  inspiratory  resistance  of  the 
one-way  valve  and  encourage  the  patient  to  breathe  preferen- 
tially from  the  nebulizer  side  of  the  circuit. 


Evaluation  Methods 


Measurements 


In  order  to  quantitate  aerosol  deposition  in  the  body  and 
elsewhere,  it  is  usually  necessary  to  generate  a  radioactive 
aerosol  that  permits  imaging  and  counting  by  giimma  camera. 
We  employed  such  techniques  in  this  study.'' 

To  provide  a  standard  for  comparison,  we  sUidied  each  sub- 
ject (ie.  9  subjects,  9  units  of  each  device)  using  both  a  C-sys- 
tem and  an  Airlife  Misty-Neb  (M-neb),  which  is  the  small  vol- 
ume nebulizer  commonly  u.sed  in  our  institution. 

TTie  particle  size  data  were  obtained  with  a  California 
Measurements'  model  PC-2AS   10-stage  impactor  system. 


Fig.  1 .  Photograph  of  the  Circulaire  system. 


Tills  multistage  inertial  impaction  instrument  provided  size 
distribution  of  the  normal  saline  aerosol  within  seconds  after 
each  sampling  mn.  The  instalment  encompasses  a  particle  size 
range  of  0. 14  to  >  10  ^  in  10  size  fractions  and  is  a  low-pres- 
sure cascade  impactor  system  operating  at  a  flowrate  of  0.24 
L/min.  Oscillating  piezoelectric  quartz  crystals  are  used  in 
each  impactor  stage  as  'live"  piuticle  mass  sensors  to  provide 
real-time  data.  The  cascade  impactor  is  connected  to  the  nebu- 
lizer mouthpiece  for  these  studies. 

Protocol 

Following  approval  by  our  Institutional  Review  Board,  we  re- 
canted 9  normal  subjects  who  gave  informed  consent  for  partici- 
pation in  the  study.  The  subjects  were  studied  on  two  separate 
days,  on  one  day  with  tlie  M-neb  and  on  the  other  with  the  C-sys- 
tem. The  order  of  study  was  randomized  by  coin  toss. 
Approximately  3  millicuries  of  99m  technetium  diethylenetri- 
amine-penta  acetate  (DPTA)  in  3.5  mL  of  normal  saline  solution 
was  added  to  the  nebulizer.  On  each  day,  the  subject  undeiAvent  a 
simulated  aerosol  tieatment  seated  upright  with  a  nosesclip  in 
place,  in  front  of  a  gamma  camera.  To  minimize  escape  of  the  ra- 
dioactive aero.sol  into  the  environment,  subjects  were  instructed 
not  to  remove  the  mouthpiece  during  nebuliz^tion,  and  a  filter 
was  placed  on  the  nebuliz£r  opening  to  atmosphere.  Subsequent 
g£unma-camera  (y-Cam),  or  pajticle.  counting  of  these  filters  al- 
lowed measurement  of  aerosol  that  otherwise  would  have  been 
vented  to  room  air.  Treatments  were  delivered  in  the  convention- 
al fashion  with  the  subject  breathing  nomially  and  nebulizer  fiow 
at  7  L/min  from  a  w;ill  oxygen  source.  The  treatment  pnKeeded 
to  'dryness"  (ie,  no  further  aerosol  could  be  seen  leaving  the  neb- 
ulizer even  after  the  device  had  been  tapped).  A  usual  treatment 
ttK)k  6- 10  minutes. 

Differences  in  outcome  variables  (eg,  deposition,  particle 
size)  were  compared  between  C-system  and  M-neb  using 
paired  /  tests. 

Radioactive  Scanning 

Meitsurement  of  aerost)l  deposition  was  achieved  by  quantita- 
tive Y  Cam  counting  of  the  radioactivity  in  the  device  pretreat- 
ment  ;uid  in  regions  of  interest  over  tine  posterior  asjiect  of  the 
body  during  ;ind  after  ti"eatment.  Results  were  expivsscd  as  the 
ratio  of  coiTccted-to-baseline  nebulizer  counts.  The  convcted 
count  in  tlie  lung  expressed  as  percent  of  count  initially  placed  in 
the  nebulizer  is  designated  as  %  Lung.  The  coniected  counts  in 
the  legion  of  interest  ciirumscribing  phiu"ynx,  stomach,  and 
cso|ihagus  as  percent  of  nebulizei'  counts  aiv  designated  %GI. 
Tyjiical  deposition  images  i\K  shown  in  F^igure"  2A  and  2B. 

C"on'ection  of  lung  counts  for  attenuation  of  internal  ladioac- 
tivily  by  Ixxly  tissues  was  achieved  by  measuivmeni  of  Uanstho- 
lacic  attenuation  of  a  known  .souive.  Hie  half- value  is  calculated 
by  assuming  a  semilogiuitlimic  attenuation  of  count.s  over 


1.58 
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transthoracic  distance  for  each  subject.  This  typically  increases 
counts  about  twofold.'*'- In  addition,  counts  were  corrected  for 
the  physical  decay  of  the  isotope  and  biologic  loss  of  tracer  from 
the  lungs  through  vascular  absorption.  We  mea.suied  the  rate  of 
absorption  and  applied  niinute-by-minute  correction  for  vascular 
absorption  to  deposited  counts.**  The  total  conected  y-Cam  count 
deposited  during  nebulization  is  the  sum  of  these  minute-by- 
minute  observations  as  corrected.  In  normal  subjects,  only  0.5- 
1 .0  %/min  is  typical,  and  over  a  nebulization  period  of  a  few  min- 
utes the  correction  is  of  small  magnitude.  However,  in  subjects 
with  active  alveolitis,  the  correction  may  be  much  larger." 

The  filters  were  counted  and  expressed  as  the  percentage  of 
baseline  y-Cam  count  placed  in  the  nebuhzer  to  determine  the 
amount  of  atmospheric  contamination  (%  Room).  The  nebu- 
lizers alone  without  the  circuits  were  counted  and  expressed  in 
the  same  fashion  to  determine  dead  volume  (%  Dead). 

Aerosol  penetration  was  meaured  by  creating  quantitative  re- 
gions of  interest  around  the  outer  and  inner  50%-by-area  images 
of  the  right  lung  after  aerosol  delivery.  By  convention,  the  left 
side  was  not  analyzed  because  of  possible  confusion  with  stom- 
ach contents.'"*  The  outer  edge  of  the  images  for  each  subject  had 
been  first  defined  as  that  of  the  equilibrium  image  of  radioactive 
xenon  gas,  and  hence  represents  the  ventilated  poition  of  the 
lung.  We  define  penetration  index  (PI)  as  the  ratio  of  y-Cam 
counts  in  the  outer  area  to  counts  in  the  inner  area  and,  therefore, 
the  higher  the  index  the  greater  the  penetration  to  the  alveoli  (Fig. 
3).  The  PI  is  one  method  used  to  describe  the  penetration  of 


Area  of  OUTER  region  of  lung  11 69.0 

Counts  of  Outer  region  of  lung  25410.000 

Area  of  INNER  region  of  lung  1169.0 

Counts  of  Inner  region  of  lung  1 91 35.000 


PENETRATION  INDEX  RIGHT  LUNG 
Ratio  of  outer  to  inner  lung 

1  : 0.75305 


Fig.  2A.  Scan  of  lung  following  administration  of  '^"'technetium  di- 
ethylenetriamine-penta  acetate  (DPTA)  via  Misty-Neb  nebulizer. 
2B.  Scan  following  administration  of  DPTA  via  Circulaire. 


Fig.  3.  Demonstration  of  inner  and  outer  lung  areas  based  on  xenon 
lung  scan. 
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aerosol  into  the  lungs.'''  Another  is  the  central-peripheral  ratio, 
which  is  measured  similarly  but  has  the  reverse  connotation — 
that  is.  a  deep  penetration  of  aerosol  into  the  lung  results  in  a  low 
central-periphenil  ratio.  For  those  investigators  utilizing  radioac- 
ti\e  particles,  the  retained  radioactivity  at  24  hours  is  believed  to 
represent  deep  penetration  to  the  alveoli.  A  description  of  the.se 
techniques  is  found  in  the  review  by  Agnew.'* 

Results 

Particle-size  testing  revealed  a  mass  median  aerosol  diame- 
ter (MMAD)  of  0.51  ^  for  the  C-system,  whereas  the  M-neb 
produced  a  MMAD  of  1 .45  ^. 

Composite  data  are  provided  in  Table  1 .  Greater  lung  depo- 
sition (%Lung)  occurred  with  the  C-system.  Extrapulmonary 
deposition  (%GI)  was  reduced  fivefold,  and  escape  into  the 
room  (%Room)  was  reduced  twofold.  No  difference  was  ob- 
served in  either  PI  or  %Dead. 

Discussion 

During  the  study,  we  made  a  number  of  observations.  Some 
subjects  of  small  stature  with  comparatively  low  breathing  fre- 
quencies and  tidal  volumes  seemed  to  be  able  to  obtain  virtually 
all  of  their  inspiratory  needs  from  the  nebulizer  output,  and,  there- 
fore, the  reservoir  bag  became  distended  and  fixed.  We  did  not 
alter  flow  to  the  nebulizer  during  the  course  of  the  study. 
However,  we  later  found  that  reducing  nebulizer  flow  optimized 
utility  of  the  reservoir,  but  it  was  not  clear  whether  this  affected 
efficiency.  (We  did  infonnal  bench  testing  with  radioactive 
aerosols,  an  inspiratory  filter,  and  a  mechanical  'lung'  to  optimize 
flowrate  to  nebulizer  with  minute  ventilation  of  the  lung,  but  be- 


cause we  do  not  know  the  effect  on  particle  size,  we  cannot  state 
that  this  improves  efficiency  in  vivo. )  Participation  by  the  respira- 
tory therapist,  although  not  mandatory,  was  desirable  to  adjust 
the  inspiratory  resistor  for  best  system  operation.  The  reservoir 
bag  can  provide  biofeedback  if  the  subject  is  coached  to  watch 
the  reservoir  and  take  breaths  of  sufficient  depth  to  deflate  it. 

Our  data  undoubtedly  underestimate  the  amount  of  extra- 
pulmonary deposition  in  the  subjects  participating  in  this 
study.  In  larger  subjects,  we  were  not  able  to  encompass  the 
entire  pharyngeal-to-lower  gastric  area  within  view  of  the 
camera.  We  suspect  that  extrapulmonary  deposition  probably 
accounts  for  as  much  or  more  aerosol  than  is  deposited  in  the 
lungs  with  a  conventional  nebulizer. 

That  we  were  unable  to  demonstrate  a  difference  in  penetra- 
tion has  two  possible  explanations.  First,  the  finding  could  be 
valid  in  that  the  aerosol  particles  produced  by  small  volume  neb- 
ulizers may  be  thought  of  as  two  populations — larger  particles 
unable  to  traverse  dead  space,  baffles,  and/or  upper  airways  and 
smaller  particles  that  enter  the  lung  and  penetrate  to  a  variable  de- 
gree depending  on  their  siz£  distribution.  Alternatively,  the  find- 
ing may  be  an  artifact  of  technique  in  that  we  do  not  correct  for 
lung-volume  depth  beneath  the  planar  surface  observed  by  the 
camera.  Hence  deposition  in  the  anteroposterior  dimension  is  not 
asses.sed. 

The  Circulaire  system  appears  to  have  advantages  com- 
pared to  conventional  nebulization.  The  mean  deposition  effi- 
ciency is  greater  than  that  reported  in  studies  of  conventional 
nebulizers.' '  If  we  assume  that  the  same  doses  of  medication 
are  to  be  administered,  replacement  of  conventional  nebulizers 
with  the  Circulaire  should  markedly  reduce  the  side  effects 
from  sympathomimetic  bronchodilators  or  steroids.  Further, 
the  Circulaire  should  reduce  the  risk  to  caiegivers'^and  other 


Table  1 .      Data  from  1 0  Patients  Using  Conventional  Nebulizer  (M-Neb)  and  a  New  Nebulizer  System  (C-Sys) 


Penetration 

% 

Lyings* 

%G1 

%Room 

Index 

%Dead  Volume 

Subject  No. 

M-Neb 

C-Sys 

M-Neb 

C-Sys 

M-Neb 

C-Sys 

M-Neb 

C-Sys 

M-Neb 

C-Sys 

1 

8.0 

11.2 

3.5 

1.3 

34.8 

11.8 

0.50 

0.38 

36 

36 

2 

9.1 

19.8 

4.2 

1.2 

37.3 

19.7 

0.43 

036 

28 

15 

3 

9.0 

17.4 

24 

I.I 

26.7 

7.4 

0.33 

0.48 

54 

42 

4 

8.1 

.S.7 

6.5 

(1.3 

41.3 

33.9 

0.42 

0.4<'i 

15 

37 

5 

6i 

10.2 

3.6 

I.I 

.H3 

7.0 

0.59 

037 

41 

36 

6 

12.3 

8.7 

4.6 

0.6 

29.1 

21.0 

041 

0..59 

38 

35 

7 

7.3 

y.fi 

1.3.2 

1.8 

27.6 

16.0 

0.59 

0.59 

,^3 

.W 

8 

8.0 

19.7 

.5.1 

I.I 

22.9 

0.8 

0.40 

0.38 

4<i 

51 

9 

8.7 

I.U 

7.6 

1.6 

29.5 

5.2 

0.34 

0.58 

V. 

42 

Mciin  (SI)) 

K(i(l.6) 

l2.X(.'i.l)t 

5.6(3.3) 

l.l(0.5)t 

31.5(5.8) 

1.3.9  (9.8)t 

0.45(0.10) 

0.47(0.10) 

37(9) 

.18(7) 

*%Lungs  =  %  of  aerosol  deposited  in  (he  lungs;  %G1  =  deposited  in  gastrointestinal  tract;  %  room  =  deposited  in  environment  (potentially):  penetrtion 
index  =  ratio  of  radioactive  particle  count  in  outer  region  to  count  in  the  inner  region  of  the  lung;  and  %Dcad  Volume  =  %  of  radioactive  solution  re- 
maining in  the  ncbuii/er. 

tSlalisticallysignincant  difference  (p  <  OO.S) 
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patients  associated  with  the  venting  of  excess  aerosol  to  the  en- 
vironment, although  obviously  any  effective  expiratory  filter 
would  serve  the  same  function.  With  the  biofeedback  possible 
from  the  reservoir  and  the  participation  of  the  respiratory  ther- 
apist, treatments  may  be  more  effective.  A  more  intriguing 
possibility  is  that  higher  doses  of  medication  might  be  utilized 
with  a  greater  degree  of  safety.  Although  we  have  not  directly 
tested  the  clinical  benefit  of  high-dose  bronchodilators,  some 
evidence'*"  suggests  that  true  clinical  benefit  might  be 
achieved  for  both  bronchodilators  and  steroids. 


PRODUCT  SOURCES 

Nebulizers: 

Circulaire.  WestMed  Inc.  Tucson  AZ 

Airlife  Misty-Neb.  Baxter  HealthCare  Corp,  Pharmaseal  Division, 
Valencia  CA 

Measuring  Equipment  &  Supplies: 

Model  IPC-2AS  Cascade  Impactor,  California  Measurements  Inc, 

Sierra  Madre  CA 
Gamma  camera,  400X  C/T,  GE  Medical  Systems,  Milwaukee  Wl 
Radioactive  isotope,  **"technetiuni  diethylenetriamine-penta  acetate 

(DPTA),  MaUinckrodt  Medical  Inc,  St  Louis  MO 
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Predicting  Aerosol  Deposition  during  Neonatal  Ventilation: 
Feasibility  of  Bench  Testing 

Thomas  G  O'Riordan  MD,  Leonard  I  Kleinman  MD, 
Kenneth  Hughes  MPS  RRT,  and  Gerald  C  Smaldone  MD  PhD 

STUDY  QUESTION:  Can  in- vitro  bench  testing  of  neonatal  pressure-controlled  ventila- 
tors predict  aerosol  delivery  to  the  lung?  BACKGROUND:  Lung  deposition  of  an 
aerosolized  drug  is  determined  by  the  amount  of  drug  inhaled  (inhaled  mass)  and  by  the 
tendency  of  the  lung  to  retain  rather  than  exhale  the  aerosol.  For  adult  aerosol  deUvery 
systems,  in-vitro  bench  testing  has  resulted  in  increased  lung  deposition  in  clinical  studies 
of  spontaneously  breathing  and  mechanically  ventilated  patients.  However,  it  has  been 
reported  that  bench  testing  of  neonatal  ventilator  systems  is  not  useful  for  predicting 
cUnical  deposition.  PURPOSE  OF  THE  STUDY:  To  assess  whether  perturbation  of  a 
bench  model  of  neonatal  ventilation  in  a  manner  likely  to  change  aerosol  delivery  would 
result  in  proportional  changes  in  deposition  in  an  animal  lung.  METHODS:  We  mea- 
sured aerosol  deUvery  using  a  bench  model  of  a  pressure-controlled,  continuous-flow, 
neonatal  ventilator  system  deUvering  a  typical  range  of  minute  ventilation  (260-900  mL) 
to  a  test  lung.  A  radioactive  aerosol  of ''^'Tc  bound  to  human  serum  albumin  was  gener- 
ated using  a  small-volume  ultrasonic  nebulizer  and  collected  on  a  filter  positioned  distal 
to  a  3.0-mm  endotracheal  tube  (ETT)  that  determined  inhaled  mass.  The  nebulizer  was 
placed  at  two  locations:  its  conventional  position  in  the  inspiratory  line  (IL  position)  and 
just  distal  to  the  Y-piece  of  the  ventilator  (DY  position)  a  position  not  clinically  applicable 
but  likely  to  increase  aerosol  delivery.  After  the  bench  studies,  the  two  nebulizer-ventila- 
tor circuits  and  settings  were  used  to  deliver  the  radioaerosol  to  the  lungs  of  mechanical- 
ly ventilated  rabbits  and  lung  deposition  was  calculated  using  a  gamma  camera  and  at- 
tenuation-coefficient technique.  RESULTS:  Bench  model,  inhaled  mass — asing  the  DY 
configuration,  8  J  ±  0.94  %  of  the  activity  was  delivered  to  the  inhaled-mass  filter  com- 
pared to  1.6  ±  0.6  %  in  the  IL  configuration  (p  <  0.0001,  DY:IL  5.2:1 ).  Deposition  in  the 
ETT  was  similar  in  magnitude  to  the  inhaled  mass  (DY  vs  IL  configuration,  6.4  ±  1.7  % 
vs  1.4  ±  0.6  %,  p  <  0.0001)  and  correlated  with  the  measured  particle  distributions. 
Rabbit  model,  lung  deposition:  DY  configuration  vs  IL  position  3.31  ±2.1  %  vs  0.56  ± 
0.09  %,  p  =  0.008,  DY:IL  5.9:1).  CONCLUSIONS:  Differences  in  aerosol  deliver}  mea- 
sured in  an  in-vitro  bench  model  are  found  to  be  proportional  to  those  detected  in  the 
lung.  A  significant  quantity  of  nebulized  particles  deposit  in  the  ETT.  Therefore,  bench 
testing  may  have  a  useful  role  in  preliminary  testing  of  aerosol  delivery  systems  and  neb- 
ulized drugs  in  the  setting  of  neonatal  ventilation.  The  clinical  acceptance  and  safety  of 
modifications  to  standard  neonatal  circuits  (eg,  dead-space  effects  and  tubing  modifica- 
tions) require  additional  clinical  studies.  (Respir  Care  1 994;39(  1 2 ):  1 1 62- 1  i 68. ] 
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INTRODUCTION 

In  recent  ycais.  intctest  has  been  increasing  in  topical  deliv- 
ery of  medications  to  the  king  in  the  fomi  of  aerosols.  The  mo- 
tivation for  applying  this  mode  of  administration  is  the  desire 
to  maximize  efficacy  by  concentrating  drug  in  the  tiuget  organ 
while  limiting  sy.stemic  toxicity.  In  order  to  measure  the  dose- 
response  of  an  inhaled  drug  it  is,  of  course,  necessaiy  to  know 
the  dose  deposited  in  the  patient's  lungs.  Unfortunately,  the 
dose  deposited  in  the  lung  cimnot  be  extrapolated  from  the 
dose  placed  in  the  nebuli/er.  primarily  because  only  a  fraction 
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of  the  medication  placed  in  the  nebulizer  is  inhaled  by  the  pa- 
tient and  the  relative  efficiency  of  commercially  available  neb- 
ulizer-ventilator delivery  systems  can  vaiy  by  an  order  of  mag- 
nitude.'"* To  minimize  this  variabihty  in  adults,  aerosol  dehv- 
ery  systems  have  been  tested  on  the  bench  before  undertaking 
in-vivo  clinical  studies.  In  both  .spontaneously  breathing  pa- 
tients--'' and  adults  on  mechanical  ventilation."'  bench  studies 
have  predicted  aerosol  delivery  to  the  king. 

Neonatal  ventilator  systems  differ  from  adult  systems  in 
important  ways.  First,  most  are  pressure  controlled  rather  than 
volume  controlled.  Second,  the  minute  volume,  which  is  not 
measured  in  standard  clinical  practice,  is  usually  between  2.50 
and  750  niL/min  compjired  to  5-20  L/min  in  the  adult.  Third, 
the  diameter  of  the  endotracheal  tube  (ETT)  and  other  tubing 
used  in  the  circuit  is  smaller  and  may  prove  to  be  a  banier  to 
inhaled  particles.  Cameron  et  aH  have  demonstrated  signifi- 
cant variability  in  the  efficiency  of  commercially  available 
nebulizers,  in  a  bench  model  of  pressure-controlled  neonatal 
ventilation.  Expressed  as  a  percentage  of  the  dose  placed  in  the 
nebulizer,  the  amount  of  aerosol  'inhaled"  by  the  test  lung  var- 
ied from  0.22  to  1.52  %.  Rau  and  Hai-wood'  using  a  bench 
setup  similar  to  that  of  Cameron  et  aH  demonstrated  that  mod- 
ifying the  ventilator  circuit  using  a  spacer,  or  holding  chamber, 
in  the  inspiratory  line  increased  aerosol  deliveiy  from  0.97  to 
1 .78%  in  one  type  of  jet  nebulizer.  In  contrast  to  the  relatively 
inefficient  aerosol  delivery  reported  by  Cameron  et  aF  and 
Rau  and  Harwood.^  Benson  et  abusing  a  different  bench  tech- 
nique found  that  up  to  12%  of  the  dose  of  theophylline  in  a 
nebulizer  could  be  delivered  to  a  test  lung.  In  none  of  these 
three  studies  was  the  predictive  accuracy  of  the  bench  model 
tested  by  comparison  to  an  animal  or  human  model.  Watterberg 
et  al'  tested  the  predictive  ability  of  a  bench  model  of  a  neona- 
tal circuit  in  delivering  cromoglycate  to  intubated  neonates. 
Their  bench  protocol,  which  utilized  two  different  experimen- 
tal configurations,  predicted  markedly  different  lung  deposi- 
tion for  each;  but,  when  those  configurations  were  tested  in 
neonates,  no  differences  in  deposition  were  detected. 
However,  the  ventilator  circuit  iti  the  bench  model  was  not 
pressurized  and  did  not  precisely  mimic  the  actual  circuit  used 
clinically.  In  a  .separate  study.  Flavin  et  al'"  used  a  rabbit  model 
and  found  that  1-4%  of  the  dose  placed  in  the  nebulizer  was 
deposited  in  the  rabbits'  lungs,  with  the  highest  deposition 
being  reported  in  animals  treated  with  nebuhzers  producing 
submicronic  particles.  However,  Flavin  et  al'"  used  a  volume- 
controlled  ventilator;  so,  their  study  cannot  be  easily  compared 
to  that  of  Cameron  et  al.''  Rau  and  Hai"wood,^  Benson  et  al,**  or 
Watterberg  etaf 

If  bench  testing  was  to  be  shown  to  reliably  assess  factors 
that  determine  deposition  in  the  lungs  of  neonates,  then  many 
of  the  technical  issues  related  to  the  delivei-y  of  new  drugs  to 
neonates  or  the  testing  of  new  aerosol  devices  for  neonates 
could  be  studied  in  advance  of  clinical  patient  studies.  For 
example,  choice  of  the  most  efficient  commercial  nebulizer 


or  the  need  to  modify  ventilator  tubing  or  ventilator  settings 
could  be  assessed  with  preliminaiy  bench  experiments.  In  the 
present  study,  we  u.sed  a  bench  model  of  a  neonatal  ventilator 
with  typical  ventilator  settings,  neonatal  tidal  volumes  ( Vys), 
and  ETT  and  ventilator  tubing,  and  captured  the  aerosol  par- 
ticles that  would  have  been  inhaled  by  a  neonate  (inhaled 
mass).  We  selected  two  modes  of  aerosol  delivery  that  we 
believed  (from  preliminary  testing)  would  likely  result  in  dif- 
ferent amounts'  being  'inhaled'  on  the  bench.  Then,  we  com- 
pared the  bench  results  with  measured  lung  deposition  in  an 
animal  preparation.  If  in-vitro  bench  predictions  are  accurate, 
differences  between  nebulizer  configurations  measured  on 
the  bench  should  be  proportional  to  differences  in  lung  depo- 
sition using  the  same  nebulizer  systems. 

METHODS 

Bench  Protocol 

A  radiolabeled  saline  solution  was  nebulized  and  the 
aerosol  delivered  through  a  standard  pressurized  neonatal 
ventilator  circuit  to  an  absolute  low-resistance  filter  placed  at 
the  distal  end  of  an  ETT.  (For  the  purposes  of  this  study,  a 
low-resistance  absolute  filter  is  defined  as  a  filter  that  cap- 
tures all  of  the  aerosol  produced  by  a  clinical  nebulizer  with- 
out significantly  increasing  resistance  to  gas  flow.)  The 
amount  of  radioactivity  on  this  filter  (measured  in  a  well 
counter)  defines  the  inhaled  mass'  and  is  expres.sed  as  a  per- 
centage of  the  radioactivity  placed  in  the  nebulizer  (the  nebu- 
lizer charge').  In  our  model,  this  measurement  corresponds  to 
the  particles  inhaled  by  a  neonate  ventilated  using  the  same 
circuit  and  ventilator  settings.  The  percentages  of  radioactiv- 
ity depositing  on  the  ETT,  Y-piece,  and  on  filters  placed  in 
the  inhalation  and  exhalation  tubing  were  also  measured. 
Experiments  were  carried  out  with  a  range  of  minute  vol- 
umes corresponding  to  the  range  of  settings  that  might  be  en- 
countered in  a  neonatal  ICU  and  using  2  different  positions 
for  the  nebulizer  (breathing  rate  of  30  breaths/min  with  Vj  of 
8  mL  and  breathing  rate  of  60  breaths/min  with  Vx  of  15  niL; 
peak  inspiratory  pressure  was  limited  to  15  cm  HiO). 

Ventilator  Circuit 

The  ventilator  circuit  is  illustrated  in  Figure  I .  A  pressure- 
controlled  ventilator*  was  connected  to  a  standard  ventilator 
circuit  in  which  the  inspiratory  and  expiratory  lines  met  at  a 
Y-piece  attached  to  an  ETT  (internal  diameter  3.0  mm). 
Distal  to  the  ETT  was  a  cotton  ball  in  a  plastic  holder  (in- 
haled mass  filter).  A  pneumotachograph  was  placed  distal  to 


*Maniifacturers  and  suppliers  are  identified  in  the  Product  Sources  section  at 
the  end  of  the  text. 
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Fig.  1.  A  standard  neonatal  ventilator  circuit  is  illustrated;  upper 
panel:  the  ultrasonic  nebulizer  in  the  IL  configuration  (nebulizer  10 
cm  proximal  to  the  Y-piece);  lower  panel:  the  DY  configuration  (nebu- 
lizer distal  to  the  Y-piece). 


the  filter  and  attached  to  an  electronic  monitor,  the  NVM. 
The  plastic  test  lungs  were  placed  distal  to  the  NVM.  We 
used  a  commercially  available  test  lung  for  8-mL  Vjs.  and 
customized  a  more  compliant  plastic  lung  in  our  laboratory 
to  obtain  a  15-mL  Vj  without  significantly  increasing  peak 
airway  pressure. 

The  3.()-mm  ETT  was  selected  because  this  is  the  size 
most  commonly  used  in  our  neonatal  ICU.  It  was  cut  to  a  10- 
cm  length  to  conform  with  standard  clinical  practice  in  our 
NICU.  For  measurements  of  Vx  during  aerosol  delivery,  the 
monitoring  device  was  placed  distal  to  the  absolute  filter  be- 
cause if  it  had  been  placed  proximal  to  the  filter,  particles 
might  have  deposited  on  the  pneumotachograph.  The  Vx 
monitor  was  calibrated  for  accuracy  using  a  pneumotacho- 
graph and  integrator  by  passing  a  known  volume  through  the 
device  using  a  .^O-niL  syringe. 

Filters 

Low-resistance  absolute  filters  were  placed  in  the  inspira- 
tory and  expiratory  lines  to  capture  any  aerosol  particles  that 
may  have  been  expelled  through  these  lines.  Particles  theo- 
retically could  pass  retrograde  through  the  inspiratory  line 


because  of  a  safety  feature  of  this  ventilator  that  dissipates 
excess  pressure  in  the  circuit  through  this  line.  To  avoid  con- 
fusion with  the  inhaled-mass  filter  distal  to  the  ETT  (Fig.  1 ), 
the  filter  in  the  inspiratory  line  was  designated  as  the  up- 
stream-wastage  filter.  The  upstream-wastage  filter  and  expi- 
ratory-line filters  consisted  of  17-cm  diameter  paper  discs 
that  fit  snugly  within  a  plastic  container.  Similar  filters  were 
used  in  our  previous  studies  in  adults.'^  However,  these  fil- 
ters could  not  be  used  to  sample  the  inhaled  mass  at  the  distal 
end  of  the  ETT  because  the  filter  holder  has  a  volume  of  20 
mL.  a  negligible  volume  in  an  adult  ventilator  circuit  with  a 
Vj  of  500-1000  mL.  However,  in  the  neonate.  Vys  are  often 
less  than  10  mL.  and  particles  inhaled  into  the  20-mL  filter 
holder  could  be  exhaled  before  depositing  on  the  paper  filter, 
thus  underestimating  the  amount  inhaled  by  the  test  lung. 
This  problem  was  overcome  by  making  smaller  filters  out  of 
cotton  balls  with  a  smaller  volume  (<  1  mL).  The  resistance 
of  the  cotton  ball  to  airflow  was  assessed  by  monitoring  the 
Vt  distal  to  the  cotton-ball  filter.  It  was  noted  that  if  the  cot- 
ton ball  became  moistened  the  resistance  to  airflow  increased 
significantly,  as  manifested  by  a  reduction  in  Vj.  To  avoid 
this  problem,  the  Vj  was  monitored  throughout  aerosol  de- 
livery and  the  cotton-ball  filter  was  changed  when  the  Vj  de- 
creased by  more  than  2  mL  during  the  run.  The  filter's  per- 
meability to  aerosol  particles  was  tested  by  placing  the  cot- 
ton-ball filter  and  one  of  the  low-resistance  absolute  filter 
papers  in  series  and  demonstfating  that  the  cotton  captured 
99%  of  the  radioactive  particles  that  passed  through  the  sys- 
tem. 

Nebulizer  and  Circuit  Location 

A  small-volume  ultrasonic  nebulizer  was  used  rather 
than  a  jet  nebulizer  becau.se  the  ultrasonic  does  not  require 
additional  gas  flow  to  generate  aerosol  particles  and,  there- 
fore, enabled  us  to  experiment  with  changing  the  relation- 
ship between  ventilator  gas  flow  and  the  nebulizer  baffling 
system.  The  nebulizer  was  placed  at  two  different  positions 
in  the  ventilator  circuit.  The  first  was  in  the  inspiratory  line 
10  cm  upstream  from  the  Y-piece  (Fig.  1 ),  designated  the  in- 
spiratory line  (ID  configuration.  In  clinical  practice,  this  is 
the  conventional  position  for  a  nebulizer  to  be  located.  The 
nebulizer  was  also  placed  distal  to  the  Y-piece  with  the  ETT 
directly  attached  to  the  nebulizer  (the  DY  configuration). 
This  is  not  an  approved  location  for  an  ultrasonic  nebulizer 
because  it  could  theoretically  introduce  significant  dead 
space  into  the  system  and  because  there  may  be  risks  associ- 
ated with  attaching  an  ultrasonic  nebulizer  directly  to  the 
ETT.  Extensive  clinical  testing  wt)uld  be  required  to  estab- 
lish its  safety  in  clinical  practice.  Nevertheless,  there  are  the- 
oretical grounds  for  believing  that  aerosol  delivery  would  be 
increased  in  this  location,  and  the  central  purpose  of  our 
study  was  to  establish  whether  a  difference  in  aerosol  deliv- 
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ery  detectable  with  a  bench  model  would  also  be  detectable 
in  an  animal  preparation. 

The  nebulizer  was  modified  to  run  continuously  rather 
than  intermittently  every  30  seconds.  The  one-way  inspira- 
tory valve  on  the  nebulizer  chamber  was  removed  to  facili- 
tate attachment  of  the  inspiratory  line  or  Y-piece.  To  en- 
sure an  airtight  seal  with  the  ETT,  a  small  plastic  sleeve 
was  interposed.  The  nebulizer  was  filled  with  4  mL  of 
0.9%  saline  (the  nebulizer  charge')  labeled  with  tech- 
netium that  was  bound  to  human  serum  albumin  ('''^"'Tc- 
HSA). 

ETT  and  Y-Piece  Deposition 

After  each  bench  .study,  the  ETT  was  disconnected  and 
placed  in  a  plastic  bag  (to  prevent  loss  of  radioactive  conden- 
sate) and  radioactivity  was  measured  in  the  well  counter. 
Activity  was  also  measured  on  the  Y-piece  and  the  tubing 
that  connected  it  to  the  upstream-wastage  and  expiratory  fil- 
ters. 

Particle  Distribution 

In  order  to  measure  aerodynamic  particle  distributions  in 
a  clinically  relevant  manner,  the  circuit  shown  in  Figure  1 
was  modified.  In  a  separate  series  of  experiments,  a  cascade 
impactor  was  inserted  into  the  circuit  distal  to  the  ETT  but 
proximal  to  the  inhalation  filter  and  test  lung.  Sampling  was 
performed  for  I  minute  with  each  configuration  (cascade 
flow  of  1.0  L/min). 

Animal  Protocol 


were  obtained  following  aerosol  inhtdation  from  the  DY  and  EL 
configurations.  The  images  acquired  by  the  camera  were  stored 
in  a  computer  for  later  analysis.  For  each  animal,  the  ETT  was 
not  removed  for  each  deposition  run  and,  consequently,  ETT 
deposition  was  not  measured  via  well  counter.  Further,  the  ETT 
orientation  to  the  gamma  camera  was  changed  for  the  DY  and 
IL  experiments.  This  change  in  camera  geometry  precluded 
measurement  of  ETT  deposition  via  the  camera  using  the  atten- 
uation-coefficient technique.  However,  the  rabbit  was  fixed  in 
position,  with  respect  to  the  camera,  and  lung  deposition  for 
each  maneuver  could  be  determined  by  serial  subtraction  of 
preceding  images  using  regions  of  interest  drawn  around  the 
lungs  in  a  manner  that  excluded  the  ETT  deposition.  At  the  end 
of  the  experiment,  for  the  purposes  of  calculating  the  attenua- 
tion coefficient  of  the  chest  wall  and  lungs,  a  final  image  of  the 
lungs  was  obtained.  Then,  the  lungs  were  surgically  removed 
and  counted  in  the  well  counter.  This  activity  was  decay  cor- 
rected to  the  time  of  the  last  image,  and  an  attenuation  coeffi- 
cient was  calculated.  Using  the  attenuation  coefficient,  lung 
counts  from  previous  images  could  be  converted  to  deposited 
radioactivity  in  millicuries. 

RESULTS 

The  results  of  the  bench  model  experiments  are  shown  in 
Table  I.  Using  the  DY  configuration,  inhaled  mass  delivered 
to  the  cotton-ball  filter  was  8.3  ±  0.94  %  of  the  activity 
placed  in  the  nebulizer  compared  to  1 .6  ±  0.6  %  when  the 
nebulizer  was  placed  in  the  IL  configuration  (p  <  0.0001,  un- 
paired t  test).  Aerosol  delivery  in  the  DY  configuration  ex- 


The  protocol  was  approved  by  the  Animal  Use 
Committee  of  the  hospital.  New  Zealand  White  rabbits 
(weight  1.089  kg-2.25  kg)  were  anesthetized  with  ketamine 
and  butyrophenone  and  paialyzed  with  pancuronium  to  pre- 
vent all  spontaneous  respiration,  as  part  of  a  separate  physio- 
logic study.  A  tracheotomy  was  performed,  and  the  airway 
was  intubated  with  a  3.0-mm  ETT,  shortened  to  lO-cm.  All 
of  the  animals  died  under  this  anesthetic  regimen  with  death 
occurring  as  a  resuU  of  circulatory  failure.  All  but  three  of  the 
experiments  listed  in  Table  2  were  performed  after  the  ani- 
mals had  died  but  within  90  minutes  of  death.  Lung-chest 
wall  compliance  may  decrease  with  rigor  mortis  and  thus  Vj 
may  decrease  in  a  pressure-controlled  system.  This  risk  was 
minimized  by  limiting  the  time  for  completion  of  experi- 
ments to  a  maximum  of  90  minutes  post  mortem  and  by 
checking  Vj  with  an  in-line  neonatal  Vj  monitor  immediate- 
ly before  each  deposition  run. 

We  pertbrmed  1 3  experiments  on  6  rabbits,  using  the  cir- 
cuits illustrated  in  Figure  1 .  For  each  rabbit,  using  an  anteriorly 
positioned  gamma  camera,  serial  images  of  aerosol  deposition 


Bench  Data  for  DY  vs  IL  Configuration:  Deposition  of 
Radioacitivity  Distal  to  ET  Tube  (Inhaled  Mass)  and  in 
Exhalation-Line  Filter 


Minute 

Inhaled 

Exhalation 

Configuration 

Ventilation  (L) 

MassC/r)* 

Filter  (%.) 

DY 

0.26 

9.30 

29.00 

DY 

0.26 

7.70 

29.30 

DY 

0.90 

8.80 

30.50 

DY 

0.90 

7.27 

22.70 

Mean  ±  SD 

8.3  ±  0.94 

27.88  ±  3.52 

IL 

0.87 

1.90 

17.60 

IL 

0.90 

2.17 

21.20 

IL 

0.54 

2.10 

27.80 

IL 

0.54 

1.97 

18.30 

IL 

0.24 

0.77 

30.60 

IL 

0.24 

0.89 

22.80 

Mean  ±  SD 

1.60  ±0.6 

23.05  ±  5.20 

DY  vs  IL  (;  test) 

p  =  0.0001 

p  =  0.15 

Ratio  DY:1L 

nitial  quantitv  of  radioai. 

5.2:1 

uvity  m  nebulizer  [nebuli 

•Percentages  refer  to  ^  of 

or  charge  I. 
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ceeded  that  of  the  IL  conllguration  by  a  factor  of  5.2:1. 
Significantly  more  aeuxsol  piirticles  were  captured  on  the  fil- 
ter in  the  expiratory  line  than  by  the  inhaled  mass  filter  in 
both  configurations  (mean  ±  SD — IL  configuration:  %  on 
expiratory  filter  23.05  ±  5.20  %,  p  <  0.0001 ;  DY  configura- 
tion: 27.88  ±  3.51%,  p  =  0.0001,  paired  t  test).  With  both 
configurations,  a  negligible  quantity  of  particles  was  recov- 
ered from  the  filter  placed  in  the  inspiratory  line  (upstream- 
wastage  filter).  The  time  for  the  nebulizer  to  run  to  dryness 
was  10  minutes  when  placed  in  the  IL  configuration  and  20 
minutes  in  the  DY  configuration. 

Deposition  in  the  ETT  was  significantly  greater  in  the  DY 
configuration  (DY  vs  IL  configurations:  6.4  ±  1.7  %  vs  1.4  ± 
0.6  %,  p  <  0.0001,  unpaired  t  test).  In  the  Y-piece,  deposition 
exceeded  that  of  the  ETT  and  there  was  no  difference  be- 
tween configurations  (DY  vs  IL:  19.7  ±  3.4  %  vs  20.17  ±  6.9 
%,  p  =  0.92,  unpaired  /  test). 

The  mass  median  aerodynamic  diameter  (MMAD)  +  geo- 
metric standard  deviation  (o-g)  for  the  particles  sampled  in  the 
IL  configuration  was  1 .41  ±  1 .85  ;U  (n  =  3);  for  the  DY  con- 
figuration the  MMAD  ±  dg  was  2.55  ±  1 .8  ju  (n  =  2). 

TTie  results  of  the  rabbit  experiments  are  shown  in  Table 
2.  In  the  rabbits,  particle  deposition  in  the  lungs  was  higher 
by  a  ratio  of  5.9  to  1  with  the  DY  configuration  compared  to 
the  IL  position  (3.3 1  ±  2. 1  %  vs  0.56  ±  0.09  %,  p  =  0.008,  un- 
paired t  test).  As  in  the  bench  experiments,  a  significant 
amount  of  the  nebulized  particles  was  captured  by  the  expira- 


Rabhil  Data  for  DY  vs  IL  Configuration:  Deposition  in  Lungs 
and  Exhalation-Line  Filter 


Minute 

Lung  Deposition  Exhalation 

Configuration 

Ventilation  (L) 

Kg 

(%)t 

Filter  (%) 

DY 

0.72 

2.16 

1.40 

21,2 

DY 

0.S2 

2.09 

3.30 

31.2 

DY* 

0.54 

1.96 

4.47 

34.8 

DY* 

0.52 

1.26 

1.08 

35,0 

DY 

0.44 

1.09 

1.49 

29.2 

DY 

0.44 

1.25 

5.05 

37.8 

DY 

0.44 

1.25 

6.39 

38,1 

Mean  - 

1  SD 

3.3  ±  2.07 

32.47  ±  5.93 

IL 

0.72 

2.16 

0.52 

20,3 

IL' 

0.52 

2.09 

0.61 

28,5 

IL 

0.54 

1 .96 

0,39 

24,7 

IL 

0,52 

1.26 

(),(>4 

27,1 

IL 

0.44 

1.09 

0,61 

36,0 

IL 

0.44 

1.25 

0,59 

28,0 

Mean  : 

•  .SD 

0.56  ±  0.09 

27.43  ±  5.16 

DY  vs 

IL(nesi) 

p  =  0.008 

p  =  O.I3 

Ratio  DY:1L 

5.9:1 

•  =  alive 

t  Pcrccn 

age  refer  Ui 

1**  of  initial  quimlily  < 

III  radioactivity 

in  nchuli/cr  (nchuli/ 

CI  charge). 

tory  line  filter,  and  they  greatly  exceeded  lung  deposition 
(mean  ±  SD  IL  configuration:  %  on  expiratory  filter  =  27.43 
±5.16  %.  p  <  0.0001,  paired  t  test  compared  to  lung;  DY 
configuration:  32.47  ±  5.93  %,  p  <  0.0001 ) . 

DISCUSSION 

The  findings  of  the  present  study  demonstrate  that  a 
bench  model  of  neonatal  ventilation  is  capable  of  detecting 
significant  differences  in  the  efficiency  of  aerosol  delivery 
systems.  Aerosol  delivery  in  the  DY  configuration  exceed- 
ed that  of  the  IL  configuration  by  a  ratio  of  5.2  to  1  in  the 
bench  model  (expressed  as  the  inhaled  mass)  and  by  a  ratio 
of  5.9  to  1  in  the  animal  model  (expressed  as  lung  deposi- 
tion). Although  the  DY-IL  ratios  are  similar  for  the  bench 
and  animal  models,  the  inhaled  mass  measured  on  the 
bench  regularly  exceeded  actual  lung  deposition  in  the  rab- 
bits. This  latter  finding  is  consistent  with  the  experience 
from  adult  ventilator  studies  in  which  the  inhaled-mass  fil- 
ter measures  the  amount  inhaled  (ie,  there  is  no  exhalation 
from  an  absolute  filter),  whereas  the  amount  deposited  in  a 
lung  is  the  net  of  the  ainount  inhaled  less  the  amount  ex- 
haled.' In  ventilated  and  spontaneously  breathing  adult 
subjects,  approximately  50%,  on  average,  of  the  aerosol 
inhaled  will  be  retained  by  the  lung,  the  other  half  being 
exhaled.'""'- 

Previous  studies  of  spontaneously  breathing^  and  me- 
chanically ventilated''  adult  patients  have  demonstrated  that 
the  choice  and  modification  of  aero.sol  deliveiy  systems  can 
affect  the  amount  of  aerosolized  medication  delivered  to  the 
lungs  of  these  patients.  Furthermore,  it  has  been  shown  that 
prior  bench  testing  of  these  delivery  systems  can  be  used  to 
select  the  optimum  method  of  aerosol  delivery  in  these  pa- 
tient groups.-'  The  findings  of  the  present  study  suggest  that 
the  principles  utilized  in  adults  can  be  applied  to  bench  mod- 
els of  neonatal  ventilation.  Appropriate  in-vitro  testing  of 
neonatal  deliveiy  sy.slems  would  facilitate  the  design  of  clin- 
ical trials  of  aerosolized  medication  by  increasing  the  pre- 
dictability of  aerosol  delivery. 

The  efficiency  of  delivery  in  the  neonatal  circuit  is  signif- 
icantly less  than  that  recently  repotted  in  adults  (mean  adult 
inhaled  mass  30%'').  The  uniformly  high  quantities  of  cap- 
tured particles  found  on  the  exhalation  filter  indicate  that  in 
an  intact  pressurized  neonatal  circuit  significantly  more 
aerosol  passes  directly  into  the  exhaled  line  than  enters  the 
ETT.  In  the  bench  studies,  because  the  inhaled-mass  filter 
was  an  absolute  low-resistance  filter,  no  aerosol  particles 
were  exhaled  by  the  test  lung,  hence  those  particles  captured 
in  the  expiratory  line  represent  aerosi)!  that  had  passed  direct- 
ly into  the  expiratory  line  without  being  inhaled.  With  both 
configurations,  a  negligible  quantity  of  particles  was  recov- 
ered from  the  filter  placed  in  the  inspiratory  line  (upstream- 
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wastage  filter)  indicating  that  with  an  ultrasonic  nebulizer 
retrograde  flow  of  aerosol  does  not  occur  to  an  important  de- 
gree. 

The  aerosol  wastage  in  the  expiratory  line  can  be  attribut- 
ed to  the  flow  patterns  of  neonatal  ventilator  systems  (ie,  gas 
at  6-10  L/min  typically  passes  through  a  neonatal  ventilator). 
Because  the  average  neonate  has  a  minute  ventilation  of  250- 
500  mL,  most  of  the  ventilator  gas  flow  (and,  consequently, 
the  aerosol  carried  by  the  gas)  never  enters  the  neonate  and 
instead  passes  directly  out  the  expiratory  line.  This  may  help 
to  explain  the  findings  of  Watterberg  et  al'  who  used  a  bench 
model  of  ventilator  tubing  but  not  a  complete  pressurized 
neonatal  circuit  (ie.  complete  circuit  with  a  ventilating  test 
lung).  For  example,  in  their  bench  model  of  neonatal  ventila- 
tor circuitry,  they  found  that  using  a  conventional  jet  nebuliz- 
er charged  with  2  mL  of  cromolyn.  20.5%  the  dose  placed  in 
the  nebulizer  was  recovered  leaving  the  nebulizer,  whereas 
only  5.5%  was  recoverable  after  passage  through  60  cm  of 
ventilator  tubing  and  an  ETT  adapter.  Hence,  their  bench 
model  identified  factors  (choice  of  nebulizer  and  placement 
in  ventilator  tubing)  that  seemed  to  affect  aerosol  delivery  to 
an  important  degree.  However  in  a  follow-up  clinical  study 
on  intubated,  ventilated  babies  that  used  urinary  excretion  of 
cromolyn  as  an  index  of  lung  deposition,  it  was  found  that  < 
1%  of  the  dose  placed  in  the  nebulizer  was  deposited  in  the 
lungs  regardless  of  choice  of  nebulizer  or  its  position  in  the 
ventilator  circuit.  The  absence  of  a  pressurized  ventilator  cir- 
cuit simulating  the  clinical  situation  in  the  model  of 
Watterberg  et  al  is  the  most  likely  explanation  as  to  why  the 
bench  findings  were  not  replicated  in  their  in-vivo  experi- 
ments. 

In  the  bench  model  of  the  present  study,  Vj  was  moni- 
tored by  an  in-line  pneumotachograph.  In  contrast  to  adult 
volume-controlled  ventilators,  most  pressure-controlled 
neonatal  ventilators  do  not  measure  Vj.  Failure  to  verify  the 
Vt  in  a  bench  model  may  explain  the  results  of  the  study  by 
Benson  et  al,**  which  reported  unusually  high  deposition  of 
aerosolized  theophylline  (12%'  of  the  nebulizer  charge)  col- 
lected in  a  saline  bag  by  dissolution.  They  modified  a  stan- 
dard pressurized  neonatal  circuit  by  introducing  a  needle  into 
the  collection  bag  to  prevent  accumulation  of  "excess  vol- 
ume." This  leak  distal  to  the  ETT  may  not  have  been  large 
enough  to  produce  a  detectable  change  in  the  pressure  of  the 
ventilator  circuit,  but  it  may  have  significantly  increased  the 
minute  volume,  and  this  may  account  for  the  unusually  high 
delivery  of  aerosol  they  reported. 

In  addition  to  simulating  the  pattern  of  gas  flow  typical  of 
a  chnical  situation,  the  bench  model  needs  to  include  an  ap- 
propriately sized  ETT.  In  adults,  ETT  and  connectors  can  be 
important  sites  of  deposition,  but  usually  represent  about  one 
third  of  the  total  quantity  of  particles  deposited  in  a  patient.*" 
In  the  present  study,  ETT  and  Y-piece  deposition  equaled 
and  exceeded,  respectively,  the  inhaled  mass.  ETT  deposi- 


tion appeared  related  to  particle  distribution.  That  is,  for  the 
DY  configuration,  with  the  larger  particle  distribution,  both 
inhaled  mass  and  ETT  deposition  significantly  exceeded  that 
of  the  IL  configuration. 

We  can  only  speculate  as  to  the  mechanisms  underlying 
the  differences  in  time  of  nebulization  and  efficiency  in  the 
two  configurations.  They  are  most  likely  due  to  an  interac- 
tion between  the  baffling  system  of  the  nebulizer  and  the  dif- 
ferences in  flow  pattern  between  the  two  configurations.  In 
the  IL  configuration,  1 0  L/min  of  air  enter  at  the  top  of  the 
nebulizer  cap  and  exit  through  the  side  port  of  the  nebulizer 
cap  from  whence  the  aerosol  proceeds  to  the  Y-piece.  In  the 
DY  configuration,  10  L/min  of  air  enter  through  the  Y-piece 
now  on  the  top  of  the  nebulizer  and  only  0.5  L  leaves  the  side 
port  and  enters  the  ETT.  The  remaining  9.5  L  exit  through 
the  Y-piece  at  top  of  the  nebulizer  (Fig.  1 ).  Thus,  it  is  likely 
that  more  air  flushes  the  nebulizer  in  the  IL  configuration, 
shortening  the  time  to  dryness.  The  particles  leaving  the  ETT 
were  also  larger  in  the  DY  configuration  consistent  with  the 
greater  ETT  deposition.  This  factor  may  also  contribute  to 
the  greater  inhaled  mass. 

The  purpose  of  this  study  was  to  test  the  feasibility  of 
bench  testing  neonatal  ventilator  systems.  Although  we  did 
find  increased  delivery  on  the  bench  and  in  the  lungs  for  the 
DY  configuration,  we  ;ire  not  able  to  recomrtiend  at  this  stage 
that  ultrasonic  nebulizers  can  be  safely  placed  distal  to  the  Y- 
piece  in  clinical  practice.  It  is  theoretically  possible  that  suffi- 
cient mixing  of  exhaled  gas  with  'fresh'  gas  from  the  ventila- 
tor may  occur  to  prevent  problems  with  increased  dead 
space,  but  clinical  testing  is  required  to  confirm  this  sugges- 
tion. Any  variation  in  nebulizer  design  should  be  fonnally 
tested  for  its  effects  on  dead  space  if  the  nebulizer  is  to  be 
placed  distal  to  the  Y-piece. 

CONCLUSIONS 

In  neonatal  ventilation,  differences  in  aerosol  delivery 
measured  in  an  in-vitro  bench  model  are  found  to  be  propor- 
tional to  those  detected  in  animals.  Therefore,  bench  testing 
may  have  a  useful  role  in  preliminary  testing  of  aerosol  de- 
livery systems  and  nebulized  drugs  in  the  setting  of  neonatal 
ventilation,  provided  that  certain  conditions  are  met.  First,  an 
intact  pressurized  circuit  ventilating  a  test  lung  is  necessary 
because  the  flow  characteristics  of  the  intact  ventilator  circuit 
are  important  determinants  of  nebulizer  pert'omiance  during 
neonatal  ventilation.  Second,  the  model  must  incorporate  an 
appropriate  ETT  and  Y-piece  connector  identical  to  those 
which  will  be  used  in  the  clinical  study,  as  these  are  signifi- 
cant sites  of  deposition.  Third,  the  compliance  of  test  lungs 
should  be  tested  by  placement  of  a  Vx  monitor  in-line  and 
ensuring  that  appropriate  neonatal  ventilator  settings  will 
produce  appropriate  neonatal  Vts. 
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•  Transcutaneous  Blood  Gas  Monitoring  for  Neonatal  and  Pediatric  Patients 

•  Capillary  Blood  Gas  Sampling  for  Neonatal  and  Pediatric  Patients 

•  Body  Plethysmography 

Respir  Care  1994:39(12):  1170-1 190 


Previously  Published  Guidelines: 


'  Ventilator  Circuit  Changes 

•  Delivery  of  Aerosols  to  the  Upper  Airway 

'  Neonatal  Time-Triggered,  Pressure-Limited.  Time  Cycled 

Mechanical  Ventilation 
'  Application  of  Continuous  Positive  Airway  Pressure  to  Neonates 

via  Nasal  Prongs  or  Nasopharyngeal  Tube 
'  Surfactant  Replacement  Therapy 
'  Static  Lung  Volumes 

Respir  Care  1994;39(8):797-836 


>  Directed  Cough 

•  Endotracheal  Suctioning  of  Mechanically  Ventilated  Adults 
and  Children  with  Artificial  Airways 

•  In-Vitro  pH  and  Blood  Gas  Analysis  and  Hemoximetry 

•  Single-Breath  Carbon  Monoxide  Diffusing  Capacity 

•  Use  of  Positive  Airway  Pressure  Adjuncts  to  Bronchial 
Hygiene  Therapy 

Respir  Care  1993;38(5):495-52I 


'  Transport  of  the  Mechanically  Ventilated  Patient 
'  Fiberoptic  Bronchoscopy  Assisting 
'  Resuscitation  in  Acute  Care  Hospitals 
'  Intermittent  Positive  Pressure  Breathing 
'  Bland  Aerosol  Administration 

Respir  Care  1993;38(]}).l  169-J200 


'  Patient-Ventilator  System  Checks 

'  Humidification  during  Mechanical  Ventilation 

'  Selection  of  Aerosol  Delivery  Device 

'  Nasotracheal  Suctioning 

'  Bronchial  Provocation 

•  Exercise  Testing  for  Evaluation  of  Hypoxemia  and/or 
Desaturation 

•  Arterial  Blood  Gas  Sampling 

•  Oxygen  Therapy  in  the  Home  or  Extended  Care  Facility 

Respir  Care  1992:37(8):855.856.882-922 


'  Incentive  Spirometry 

'  Pulse  Oximetry 

'  Oxygen  Therapy  in  the  Acute  Care  Hospital 

'  Spirometry 

>  Postural  Drainage  Therapy 

Respir  Care  1991:36(12):  1398-1426 
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Guidelines,  Recommendations,  &  Statements 


AARC  Clinical  Practice  Guideline 

Metabolic  Measurement  using  Indirect  Calorimetry 
during  Mechanical  Ventilation 


MMMV  1.0       PROCEDURE: 

Metabolic  measurements  using  indirect  calorimetry 
for  determination  of  oxygen  consumption  (Vq:), 
carbon  dioxide  production  (VcoO-  respiratory  quo- 
tient (RQ),  and  resting  energy  expenditure  (REE)  as 
an  aid  to  patient  nutritional  assessment  and  manage- 
ment;'-'' assessment  of  weaning  success  and  out- 
come;'''* and  assessment  of  the  relationship  between 
O2  delivery  (Dq:)  and  Vqi''^"' — this  guideline  ad- 
dresses metabolic  measurement  during  mechanical 
ventilation. 

MMMV    2.0       DESCRIPTION/DEFINITION: 

Metabolic  measurements  use  an  indirect  calorimeter 
to  measure  Vq:  and  Vco;  via  expired  gas  analysis. 
The  measurements  of  Vq,  and  Vco;  are  used  to  cal- 
culate RQ  (Vcoi/Vo:)  and  REE  using  the  Weir 
equation:" 

REE  =  [Vo:  (3.941)  +  Vco;  (II  D]  1440  min/day. 

The  measurement  of  REE  in  mechanically  ventilat- 
ed patients  has  been  shown  to  be  more  accurate  than 
published  formulas  used  to  predict  REE,'^-*  to  re- 
duce the  incidence  of  overfeeding  and  underfeed- 
jr,g^i2-26  gpij  (Q  decrease  costs  associated  with  total 
parenteral  nutrition  (TPN).-''  Measurement  of  REE 
and  RQ  has  been  shown  to  be  helpful  in  designing 
nutritional  regimens  to  reduce  Vco,  in  patients  with 
chronic  obstructive  pulmonary  disease  (COPD)  and 
patients  requiring  mechanical  ventilation. '•'■-''■'- 
Despite  this  evidence,  studies  deinonstrating  im- 
proved outcome,  improved  weaning  success,  or 
shorter  ICU/hospital  .stay  are  lacking. 

The  objectives  of  metabolic  measurements  by  indi- 
rect calorimetry  are 


2.1  To  accurately  detennine  the  REE  of  mechan- 
ically ventilated  patients  to  guide  appropriate 
nutritional  support;'--* 

2.2  To  accurately  determine  RQ  to  allow  nutri- 
tional regimens  to  be  tailored  to  patient  needs;'--'- 

2.3  To  accurately  determine  REE  and  RQ  to 
monitor  the  adequacy  and  appropriateness  of 
current  nutritional  support;'-  "*- 

2.4  To  allow  determination  of  substrate  utiliza- 
tion when  urinary  nitrogen  values  are  concomi- 
tantly measured;'^'' 

2.5  To  determine  the  O2  cost  of  breathing  as  a 
guide  to  the  selection  of  ventilator  mode,  set- 
tings, and  weaning  strategies;''"^ 

2.6  To  monitor  the  V02  as  a  guide  to  targeting 
adequate  Dq:' 

MMMV  3.0       SETTING: 

3.1  Mechanically  ventilated  patients 

3.1.1  In  the  hospital 

3.1.2  In  the  extended  care  facility 

MMMV  4.0       INDICATIONS: 

Metabolic  measurements  may  be  indicated 

4.1  In  patients  with  known  nutritional  deficits  or 
derangements."'  Multiple  nutritional  risk  and 
stress  factors  that  may  considerably  skew  pre- 
diction by  Harris-Benedict  equation  include 

4.1.1  neurologic  trauma.'**-' 

4.1.2  paralysis,-' 

4.1.3  COPD, "-'-•*•" 

4.1.4  acute  pancreatitis,"' 

4.1.5  cancer  with  residua!  tumor  burden,'^ 

4.1.6  multiple  trauma,-"-' -'' 

4.1.7  amputations,-' 

4.1.8  patients  in  whom  height  and  weight 
cannot  bo  accurately  obtained."' 
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4.L9  patients  who  fail  to  respond  ade- 
quately to  estimated  nutritional  needs,''' 

4.1.10  new  patients  on  home  TPN,""^ 

4.1.11  patients  who  are  unable  to  eat  and 
who  require  mechanical  ventilation  for  >  5 
days,""" 

4.1.12  transplant  patients,^* 

4.1.13  morbidly  obese  patients,^* 

4.1.14  severely  hypermetabolic  or  hy- 
pometabolic  patients. 

4.2  When  the  desire  or  perceived  need  is  present 
to  measure  the  O2  cost  of  breathing  in  mechani- 
cally ventilated  patients.*'* 

4.3  When  the  need  exists  to  assess  the  Vq:  in 
order  to  evaluate  the  hemodynamic  support  of 
mechanically  ventilated  patients.''*'" 

MMMV  5.0       CONTRAINDICATIONS: 

When  a  specific  indication  is  present,  there  are  no 
contraindications  to  performing  a  metabolic  mea- 
surement using  indirect  calorimetry  unless  short- 
term  disconnection  of  ventilatory  support  for  con- 
nection of  measurement  lines  results  in  hypoxemia, 
bradycardia,  or  other  adverse  effects."-''^ 

MMMV  6.0       HAZARDS/COMPLICATIONS: 

Performing  metabolic  measurements  using  an  indi- 
rect calorimeter  is  a  safe,  noninvasive  procedure 
with  few  hazards  or  complications.  Under  certain 
circumstances  and  with  particular  equipment  the 
following  hazards/complications  may  be  seen. 

6.1  Clo.sed  circuit  calorimeters  may  cause  a  reduc- 
tion in  alveolar  ventilation  due  to  increased  com- 
pressible volume  of  the  breathing  circuit.'^-''' ■*' 

6.2  Closed  circuit  calorimeters  may  decrease  the 
trigger  sensitivity  of  the  ventilator  and  result  in 
increased  patient  work  of  breathing. ^■'''•"" 

6.3  Short-term  disconnection  of  the  patient  from 
the  ventilator  for  connection  of  the  indirect 
calorimetry  apparatus  may  result  in  hypoxemia, 
bradycardia,  and  patient  discomfort.""* 

6.4  Inappropriate  calibration  or  system  setup 
may  result  in  erroneous  results  causing  incorrect 
patient  management.'  ^^ 


MMMV  7.0 
DURE: 


LIMITATIONS  OF  PROCE- 


Limitations  of  the  procedure  include 

7.1  Accurate  assessment  of  REE  and  RQ  may 
not  be  possible"^- "^^  because  of  patient  condition 
or  certain  bedside  procedures  or  activities. 

7.2  Inaccurate  measurement  of  REE  and  RQ 
may  be  caused  by  leaks  of  gas  from  the  patient/ 
ventilator  system  preventing  collection  of  ex- 
pired gases  including: 

7.2.1  leaks  in  the  ventilator  circuit,''*-'' 

7.2.2  leaks  around  tracheal  tube  cuffs  or 
uncuffed  tubes,''*-'' 

7.2.3  leaks  through  chest  tubes  or  bron- 
chopleural fistula.^-'' 

7.3  Inaccurate  measurement  of  REE  and  RQ  oc- 
curs during  peritoneal  and  hemodialysis  due  to 
removal  across  the  membrane  of  CO2  that  is  not 
measured  by  the  indirect  calorimeter.'"'-^'-'' 

7.4  Inaccurate  measurement  of  REE  and  RQ 
during  open  circuit  measurement  may  be  caused 
by 

7.4.1  instability  of  delivered  oxygen  con- 
centration (Fdo:)  within  a  breath  or  breath 
to  breath  due  to  changes  in  source  gas  pres- 
sure and  ventilator  blender/mixing  charac- 
teristics;'**'*'' 

7.4.2  Fdo:>  0.60; '■^■5-4''-47 

7.4.3  inability  to  separate  inspired  and  ex- 
pired gases  due  to  bias  flow  from  flow- 
triggering  systems,  IMV  systems,  or  spe- 
cific ventilator  characteristics;'"*-^'**-^' 

7.4.4  the  presence  of  anesthetic  gases  or 
gases  other  than  O2,  CO2,  and  nitrogen  in 
the  ventilation  system;"*' 

7.4.5  the  presence  of  water  vapor  resulting 
in  sensor  malfunction; 

7.4.6  inappropriate  calibration;^" 

7.4.7  connection  of  the  indirect  calorimeter 
to  certain  ventilators,  with  adverse  effect 
on  triggering  mechanism,  increased  expi- 
ratory resistance,  pressure  measurement,  or 
maintenance  of  the  ventilator.'' 

7.4.8  total  circuit  flow  exceeding  internal 
gas  flow  of  indirect  calorimeter  that  incor- 
porates the  dilutional  principle.''' 

7.5  Inaccurate  measurement  of  REE  and  RQ 
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during  closed  circuit  measurement  may  be 
caused  by 

7.5.1  short  duration  of  the  measurement 
period  (a  function  of  CO2  absorber  life  and 
Vco:)  that  may  not  allow  REE  state  to  be 
achieved;-'^"'"*' 

7.5.2  changes  in  functional  residual  capaci- 
ty (FRC)  resulting  in  changes  in  spirometer 
volume  unassociated  with  Vq::"''''^"*' 

7.5.3  leaks  drawing  gas  into  the  system  dur- 
ing spontaneous  breathing  measurements 
that  adds  volume  to  the  system  and  cause 
erroneously  low  V02  readings;^-^'^"" 

7.5.4  increased  compressible  volume  in  the 
circuit  that  prevents  adequate  tidal  volume 
delivery  resulting  in  alveolar  hypoventila- 
tion and  changes  in  Vco^/Vq:;''''''^"*' 

7.5.5  increased  compressible  volume  and 
resistance  that  results  in  difficulty  trigger- 
ing the  ventilator  and  increased  work  of 
breathing.'-^''-*' 

MMMV  8.0       ASSESSMENT  OF  NEED: 

Metabolic  measurements  should  be  performed  only 
on  the  order  of  a  physician  after  review  of  indica- 
tions (MMMV  4.0)  and  objectives. 

MMMV  9.0  ASSESSMENT  OF  TEST 
QUALITY  AND  OUTCOME: 

9.1  Test  quality  can  be  evaluated  by  determining 
whether 

9.1.1  RQ  is  consistent  with  the  patient's 
nutritional  intake;''^ 

9.1.2  RQ  rests  in  the  normal  physiologic 
range  (0.67  to  1.3);'^ 

9.1.3  measured  V02  is  within  ±10%  of  the 
mean  value  and  measured  Vco:  within 
±67f  of  the  mean  value;"* 

9.1.4  REE  has  been  defined  as  the  value 
obtained  with  the  patient  lying  in  bed, 
awake  and  aware  of  his/her  surroundings.^- 
(This  .state  should  have  been  observed  for 
10-15  minutes  associated  with  results  in 
9.1.3.) 

9.2  Outcome  may  be  assessed  by  the  interpreta- 
tion and  confirmation/manipulation  of  patient 
nutritional  support  regimen  by  a  physician  or 


nutritionist  based  on  the  measurement  results. 
9.3  Outcome  may  be  assessed  by  the  successful 
manipulation  of  the  mechanical  ventilator  set- 
tings and/or  hemodynamic  management  based 
on  the  measurement  of  the  Vq:- 

MMMV  10.0       RESOURCES: 

10.1  Indirect  calorimeter,  open-  or  closed-circuit 
design. 

10.1.1  The  calibration  gas  mixture  should 
be  relevant  to  the  concentration  of  gas  to 
be  measured  clinically.' •'* 

10.1.2  The  indirect  calorimeter  should  be 
calibrated  on  the  day  of  measurement  and 
more  often  if  errors  in  measurement  are 
suspected.'-^ 

10.1.3  When  the  measurement  results  are 
suspect  and/or  when  repeated  calibration 
attempts  are  marked  by  instability,  the  indi- 
rect calorimeter  may  be  tested  via  an  inde- 
pendent test  method  (burning  ethanol  or 
other  substance  with  a  known  RQ  or 
adding  known  tlows  of  CO2  and  nitrogen 
to  simulate  Vq:  and  Vco:)-"^""''''  As  a  simple 
test,  ventilation  of  a  leak-free  system 
should  yield  Vq:  and  Vco:  values  of  near 
0.  Routinely  scheduled  measurement  of 
nomial  control  subjects  (volunteers)  may 
be  useful. 

10.2  A  method  of  stabilizing  Fdo:  during  open- 
circuit  measurements  should  be  available  and 
may  include 

10.2.1  an  air-oxygen  blender  connected  be- 
tween the  gas  source  and  the  ventilator  in- 
lets for  high  pressure  gas;""' 

10.2.2  an  inspiratory  mixing  chamber  be- 
tween the  ventilator  main  tlow  circuit  and 
the  humidifier.^'' 

10.3  An  isolation  valve,  double-piloted  exhala- 
tion valve,  or  other  device  to  separate  inspiratory 
and  expiratory  tlow  should  be  incorporated  when 
using  continuous  flow  in  the  ventilator  circuit.'^'* 

10.4  Personnel:  Due  to  the  level  of  technical  and 
patient  assessment  skills  required,  metabolic 
measurements  using  indirect  calorimeters  should 
be  performed  by  individuals  trained  in  and  with 
the  demonstrated  and  documented  ability  to 

10.4.1  calibrate,  operate,  and  maintain  an 
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indirect  calorimeter; 

10.4.2  operate  a  mechanical  ventilator,  in- 
cluding knowledge  of  the  air-oxygen 
blending  system,  the  spontaneous  breath- 
ing mechanisms,  and  the  alarm  and  moni- 
toring functions; 

10.4.3  recognize  metabolic  measurement 
values  within  the  normal  physiologic  range 
and  evaluate  the  results  in  light  of  the  pa- 
tient's current  nutritional  and  clinical  sta- 
tus; 

10.4.4  assess  patient  hemodynamic  and 
ventilatory  status  and  make  recommenda- 
tions on  appropriate  corrective/therapeutic 
maneuvers  to  improve  or  reverse  the  pa- 
tient's clinical  course. 

A  relevant  credential  (eg,  RRT,  CRTT,  RN,  or 
RPFT)  is  desirable. 

MMMV  11.0       MONITORING: 

11.1  The  following  should  be  evaluated  during 
the  performance  of  a  metabolic  measurement  to 
ascertain  the  validity  of  the  results: 

11.1.1  clinical  observation  of  the  resting 
state  (MMMV  9.1.4); 

11.1.2  patient  comfort  and  movement  dur- 
ing testing; 

11.1.3  values  in  concert  with  the  clinical 
situation; 

11.1.4  equipment  function; 

11.1.5  results  within  the  specifications  list- 
ed in  9.1.3. 

11.2  Measurement  data  should  include  a  state- 
ment of  test  quality  and  list  the  current  nutrition- 
al support,  ventilator  settings,  and  vital  signs. 

MMMV  12.0       FREQUENCY: 

12.1  Metabolic  measurements  should  be  repeat- 
ed according  to  the  clinical  status  of  the  patient 
and  indications  for  performing  the  test.  The  liter- 
ature suggests  that  more  frequent  measurement 
may  be  necessary  in  patients  with  a  rapidly 
changing  clinical  course  as  recognized  by 

12.1.1  hemodynamic  instability, ■•- 

12.1.2  spiking  fevers."*- 

12.2  Patients  in  the  immediate  postoperative  pe- 


riod and  those  being  weaned  from  mechanical 
ventilation  may  also  need  more  frequent  mea- 
surement."*- 

MMMV  13.0       INFECTION  CONTROL: 

Metabolic  measurements  using  indirect  calorimetry 
are  relatively  safe  procedures,  but  a  remote  possibil- 
ity of  cross-contamination  exists  either  via  patient- 
patient  or  patient-caregiver  interface.  The  following 
guidelines  should  be  followed  when  a  metabolic 
measurement  is  performed. 

13.1  Universal  Precautions  should  be  exercised 
whenever  equipment  (isolation  valves)  is  con- 
taminated with  blood  or  other  body  fluids.'''' 

13.2  Appropriate  use  of  barriers  and  handwash- 
ing is  recommended. 

13.3  Tubing  used  to  direct  expiratory  gas  from 
the  ventilator  to  the  indirect  calorimeter  should 
be  disposed  of  or  cleaned  between  patients. 

13.4  Connections  used  in  the  inspiratory  limb  of 
the  circuit  proximal  to  the  humidifier  should  be 
wiped  clean  between  patients;  equipment  distal 
to  the  humidifier  should  be  disposed  of  or  sub- 
jected to  high-level  disinfection  between  pa- 
tients. 

13.5  Bacteria  filters  may  be  used  to  protect 
equipment  in  both  the  inspired  and  expired  lines, 
but  caution  should  be  used  that  moisture  does 
not  increase  filter  resistance  resulting  in  poor 
gas  sampling  flow  or  increased  resistance  to  ex- 
halation. 


Mechanical  Ventilation  Guidelines  Committee: 

Robert  S  Campbell  RRT,  Chairman,  Tampa  PL 
Richard  D  Branson  RRT,  Cincinnati  OH 
William  -Chuck"  Burke  PhD  RRT,  Indianapolis  IN 
Jack  Covington  RRT,  San  Francisco  CA 
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AARC  Clinical  Practice  Guideline 

Transcutaneous  Blood  Gas  Monitoring  for 
Neonatal  &  Pediatric  Patients 


TCM  1.0       PROCEDURE: 

Transcutaneous  monitoring  of  oxygen  (PtcoO  and 
carbon  dioxide  (PtcCO:)  in  neonates,  infants,  and 
small  children — this  guideline  does  not  address  the 
application  of  transcutaneous  monitoring  in  adults 
and  older  children. 

TCM  2.0       DESCRIPTION/DEFINITION: 

Transcutaneous  monitoring  measures  skin-surface 
P02  and  Pco:  to  provide  estimates  of  arterial  partial 
pressure  of  oxygen  and  carbon  dioxide  (PaO:  and 
PaCO:)-  The  devices  induce  hyperperfusion  by  local 
heating  of  the  skin  and  measure  the  partial  pressure 
of  oxygen  and  carbon  dioxide  electrochemically.'  ' 

TCM  3.0       SETTING: 

Transcutaneous  monitoring  may  be  performed  by 
trained  personnel  in  a  variety  of  settings  including 
(but  not  limited  to)  hospitals,  extended  care  facili- 
ties, and  patient  transport.** 

TCM  4.0       INDICATIONS: 

4.1  The  need  to  monitor  the  adequacy  of  arterial 
oxygenation  and/or  ventilation'^'" 

4.2  The  need  to  quantitate  the  response  to  diag- 
nostic and  therapeutic  interventions  as  evi- 
denced by  PnO:  and/or  Picco:  values'^  " 

TCM  5.0        CONTRAINDICATIONS: 

In  patients  with  poor  skin  integrity  and/or  adhesive 
allergy,  transcutaneous  monitoring  may  be  relative- 
ly coiilraindicated.'^ 

TCM  6.0       HAZARDS/COMPLICATIONS: 

PtcO;  and/or  Paco:  monitoring  is  considered  a  safe 
procedure,  but  because  of  device  limitations,  false- 


negative  and  false-positive  results  may  lead  to  inap- 
propriate treatment  of  the  patient.""-"  In  addition, 
tissue  injury  may  occur  at  the  measuring  site  (eg, 
erythema,  blisters,  bums,  skin  tears).'**'" 

TCM  7.0  DEVICE  LIMITATIONS/VALI- 
DATION OF  RESULTS: 

PtcO:  is  an  indirect  measurement  of  PaO:  and,  like 
PaO:-  does  not  reflect  oxygen  delivery  or  oxygen 
content.  Complete  assessment  of  oxygen  delivery 
requires  knowledge  of  hemoglobin,  saturation,  and 
cardiac  output.  In  a  similar  way,  Ptcco:  is  an  indirect 
measurement  of  Paco:  but  knowledge  of  delivery 
and  content  is  not  necessary  to  use  PtcCO:  as  an  indi- 
cator of  adequacy  of  ventilation. 

7.1  Factors,  agents,  or  situations  that  may  affect 
readings,  limit  precision,  or  limit  the  performance 
or  application  of  a  transcutaneous  monitor  include 

7.1.1  Technical: 

7.1.1.1  The  procedure  may  be  labor  in- 
tensive, although  newer  designs  make 
application  quicker  and  simpler.'^ 

7.1.1.2  Prolonged  stabilization  time  is  re- 
quired following  electrode  placement.''*" 

7.1.1.3  Manufacturers  state  that  electrodes 
must  be  heated  to  produce  valid  results; 
however,  clinical  studies  suggest  that  valid 
results  may  be  obtained  with  Picco:  elec- 
trodes operated  at  lower  than  recommend- 
ed temperatures  or  with  no  heat.'* 

7.1.1.4  The  theoretical  basis  for  manda- 
tory beating  of  the  PtcO:  electrode  is  es- 
tablished.- 

7.1.1.5  Improper  calibration  is  possible 
and  may  be  difficult  to  detect.'^ 

7.1.2  Clinical:  The  following  factors  may 
increase  the  discrepancy  between  arterial 
and  transcutaneous  values — 

7.1.2.1  The  presence  of  hyperoxemia 
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(PaO:>  100  ton-),'-'' 
7.L2.2  The  presence  of  a  hypoperfused 
state  (shock,  acidosis),^'^''^ 
7.1.2.3  Improper  electrode  placement  or 
application/ 

7.L2.4  Vasoactive  drugs,''' 
7.L2.5  The  nature  of  the  patient's  skin 
and  subcutaneous  tissue  (skinfold  thick- 
ness, edema  l.*^-" 

7.2  Validation:  Arterial  blood  gas  values  should 
be  compared  to  transcutaneous  readings  taken  at 
the  time  of  arterial  sampling  in  order  to  validate 
the  transcutaneous  values.  This  validation 
should  be  performed  initially  and  periodically  as 
dictated  by  the  patient's  clinical  state.**  '^ 

7.2.1  During  validation  studies  in  patients 
with  functional  shunts,  electrode  site  and 
arterial  sampling  site  should  be  on  the 
same  side  of  the  shunt.'"-' 

7.2.2  When  disparity  exists  between  trans- 
cutaneous and  arterial  values  and  the  clinical 
presentation  of  the  patient,  possible  causes 
should  be  explored  before  results  are  report- 
ed. Discrepancies  may  be  reduced  by  moni- 
toring at  alternate  sites,  recalibration,  or  ap- 
propriate substitution  of  instruments.  If  such 
steps  do  not  remedy  the  disparity,  transcuta- 
neous results  should  not  be  reported;  instead 
a  statement  describing  the  collective  action 
should  be  included  in  the  patient's  chart  and 
some  other  mode  of  monitoring  should  be 
established  (eg,  pulse  oximetry  and/or  arte- 
rial blood  analysis).  The  absolute  limits  that 
constitute  unacceptable  disparity  vary  with 
patient  condition  and  specific  device. 
Clinical  judgment  must  be  exercised. 

7.3  To  help  assure  consistency  of  care  based  on 
transcutaneous  blood  gas  readings,  the  operator 
should  verify  that 

7.3.1  High-  and  low-limit  alarms  are  set 
appropriately; 

7.3.2  Appropriate  electrode  temperature  is 
set; 

7.3.3  Electrode  placement  is  appropriate  and 
systematic  electrode-site  change  occurs; 

7.3.4  Specific  manufacturer's  recommen- 
dations for  maintenance,  operation,  and 
safety  are  complied  with. 


TCM  8.0        ASSESSMENT  OF  NEED: 

8.1  When  direct  measurement  of  arterial  blood  is 
not  available  or  accessible  in  a  timely  fashion,  P[i.o: 
and/or  PtcCO:  measurements  may  temporarily  suf- 
fice if  the  limitations  of  the  data  are  appreciated.'' 
8.2.  Transcutaneous  blood  gas  monitoring  is  ap- 
propriate for  continuous  and  prolonged  monitor- 
ing (eg,  during  mechanical  ventilation,  CPAP, 
and  supplemental  oxygen  administration).''"' 
8.3  PtcO:  values  can  be  used  for  diagnostic  purpos- 
es as  in  the  assessment  of  functional  shunts  (eg, 
persistent  pulmonary  hypertension  of  the  new- 
born, PPHN,  or  persistent  fetal  circulation-'  -')  or 
to  determine  the  response  to  oxygen  challenge  in 
the  assessment  of  congenital  heart  disease.-'  -"^ 

TCM  9.0       ASSESSMENT  OF  OUTCOME: 

9.1  Results  should  reflect  the  patient's  clinical 
condition  (ie,  validate  the  basis  for  ordering  the 
monitoring).'''^ 

9.2  Documentation  of  results,  therapeutic  inter- 
vention (or  lack  of),  and/or  clinical  decisions 
based  on  the  transcutaneous  measurements 
should  be  noted  in  the  medical  record. 

TCM  10.0       RESOURCES: 

10.1  Equipment:  Transcutaneous  monitor,  elec- 
trodes, calibration  gases,  and  associated  expend- 
able supplies — the  monitor  should  have  been  vali- 
dated by  the  manufacturer,  using  appropriate 
quality  control  procedures  and  clinical  reliability 
studies. 

10.2  Personnel:  Licensed  or  credentialed  respi- 
ratory care  practitioners  or  other  credentialed 
persons  with  equivalent  training  and  demon- 
strated ability  to  exercise  the  necessary  clinical 
judgment,  assess  the  patient,  and  perform  the  es- 
sential tasks  of  calibration  and  application** 

TCM  11.0        MONITORING: 

The  monitoring  schedule  of  patient  and  equipment 
during  transcutaneous  monitoring  should  be  inte- 
grated into  patient  assessment  and  vital  signs  deter- 
minations. Results  should  be  documented  in  the  pa- 
tient's medical  record  and  should  detail  the  condi- 
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tions  under  which  the  readings  were  obtained: 
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Capillary  Blood  Gas  Sampling  for  Neonatal  &  Pediatric  Patients 


CBGS  1.0       PROCEDURE: 

Capillary  sampling  for  blood  gas  analysis 

CBGS  2.0       DESCRIPTION: 

Capillary  blood  gas  (CBG)  samples  may  be  used  in 
place  of  samples  from  arterial  punctures  or  in- 
dwelling arterial  catheters  to  estimate  acid-base  bal- 
ance (pH)  and  adequacy  of  ventilation  (PaCO:)-''^ 
Capillary  Pq:  measurements  are  of  little  value  in  es- 
timating arterial  oxygenation."*^ 

A  puncture  or  small  incision  is  made  with  a  lancet 
or  similar  device  into  the  cutaneous  layer  of  the  skin 
at  a  highly  vascularized  area  (heel,  finger,  toe).  (The 
lancet  may  be  used  freehand  or  as  part  of  a  device 
that  limits  puncture  depth.)  To  accelerate  blood  flow 
and  reduce  the  difference  between  the  arterial  and 
venous  gas  pressures,  the  area  is  warmed  prior  to 
the  puncture.  As  the  blood  flows  freely  from  the 
puncture  site,  the  sample  is  collected  in  a  hep- 
arinized  glass  capillary  tube.^'' 

CBGS  3.0       SETTING: 

Capillary  sampling  may  be  performed  by  trained 
health  care  personnel  in 

3.1  Acute  care  hospitals, 

3.2  Clinics, 

3.3  Physician  offices, 

3.4  Extended  care  facilities, 

3.5  Homes. 

CBGS  4.0       INDICATIONS: 

Capillary  blood  gas  sampling  is  indicated  when 
4.1  Arterial  blood  gas  analysis  is  indicated  but 


arterial  access  is  not  available. 

4.2  Noninvasive  monitor  readings  are  abnormal: 
transcutaneous  values,  end-tidal  CO2,  pulse 
oximetry. 

4.3  Assessment  of  initiation,  administration,  or 
change  in  therapeutic  modalities  (ie,  mechanical 
ventilation)  is  indicated. 

4.4  A  change  in  patient  status  is  detected  by  his- 
tory or  physical  assessment. 

4.5  Monitoring  the  severity  and  progression  of  a 
documented  disease  process  is  desirable. 

CBGS  5.0       CONTRAINDICATIONS: 

5.1  Capillary  punctures  should  not  be  performed 

5.1.1  at  or  through  the  following  sites:'" 

5.1.1.1  posterior  curvature  of  the  heel, 
as  the  device  may  puncture  the  bone;" 

5.1.1.2  the  heel  of  a  patient  who  has 
begun  walking  and  has  callus  develop- 
ment;'- 

5.1.1.3  the  fingers  of  neonates  (to  avoid 
nerve  damage);" 

5.1.1.4  previous  puncture  sites; '"'■'-'^ 

5.1.1.5  inflamed,  swollen,  or  edematous 
tissues;''*'-'' 

5.1.1.6  cyanotic  or  poorly  perfused  tis- 
sues;'^'' 

5.1.1.7  localized  areas  of  infection;''*'-'^ 

5.1.1.8  peripheral  arteries. 

5.1.2  on  patients  less  than  24  hours  old, 
due  to  poor  peripheral  perfusion;' 

5.1.3  when  there  is  need  for  direct  analysis 
of  oxygenation;'  ' 

5.1.4  when  there  is  need  for  direct  analysis 
of  arterial  blood; 

5.2  Relative  contraindications  include 

5.2.1  peripheral  vasoconstrictit)n;' 

5.2.2  polycythemia  (due  to  shorter  clotting 
times);' 
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5.2.3  hypotension  may  be  a  relative  con- 
traindication.' 

CBGS  6.0       HAZARDS/COMPLICATIONS: 

6.1  Infection 

6.1.1  Introduction  of  contagion  at  sampling 
site  and  consequent  infection  in  patient,  in- 
cluding calcaneus  osteomyelitis'"'  and  cel- 
lulitis 

6.1.2  Inadvertent  puncture  or  incision  and 
consequent  infection  in  sampler 

6.2  Burns 

6.3  Hematoma 

6.4  Bone  calcification'"* 

6.5  Nerve  damage'' 

6.6  Bruising 

6.7  Scarring '- 

6.8  Puncture  of  posterior  medial  aspect  of  heel 
may  result  in  tibial  artery  laceration" 

6.9  Pain 

6.10  Bleeding 

6.11  Inappropriate  patient  management  may  re- 
sult from  reliance  on  capillary  Pq:  values."'** 

CBGS  7.0        LIMITATIONS  OF  METHOD/ 
VALIDATION  OF  RESULTS: 

7.1  Limitations 

7.1.1  Inadequate  warming  of  the  site  prior 
to  a  puncture  may  result  in  capillary  values 
that  correlate  poorly  with  arterial  pH  and 
Pco2  values. '''■-» 

7.1.2  Undue  squeezing  of  the  puncture  site 
may  result  in  venous  and  lymphatic  con- 
tamination of  the  sample.'"* 

7.1.3  A  second  puncture  may  be  needed  to 
obtain  an  adequate  amount  of  blood  for 
analysis. 

7.1.4  Variability  in  capillary  Pq:  values 
precludes  using  these  samples  for  assess- 
ing oxygenation  status.'--^'**-"-' 

7.2  Validation  of  results 

7.2.1  Sample  must  be  anticoagulated  and 
obtained  anaerobically  with  capillary  tube 
filled  completely  and  air  bubbles  expelled 
immediately.  Sample  should  be  immedi- 
ately chilled  or  analyzed  within  10-15  min- 
utes if  left  at  room  temperature.-- 


7.2.2  A  respiratory  assessment  of  the  pa- 
tient should  be  documented  in  the  medical 
record  at  the  time  a  capillary  sample  is  per- 
formed (See  11.0  Monitoring). 

7.2.3  An  arterial  sample  may  be  analyzed 
to  compare  with  the  capillary  pH  and  Pco: 
values. 

CBGS  8.0        ASSESSMENT  OF  NEED: 

Capillary  blood  gas  sampling  is  an  intennittent  pro- 
cedure and  should  be  performed  when  a  document- 
ed need  exists.  Routine  or  standing  orders  for  capil- 
lary puncture  are  not  recommended.  The  following 
may  assist  the  clinician  in  assessing  the  need  for 
capillary  blood  gas  sampling: 

8.1  History  and  physical  assessment;-' 

8.2  Noninvasive  respiratory  monitoring  values 

8.2.1  Pulse  oximetry;-' 

8.2.2  Transcutaneous  values; 

8.2.3  End-tidal  CO2  values; 

8.3  Patient  response  to  initiation,  administration, 
or  change  in  therapeutic  modalities;-'-'' 

8.4  Lack  of  arterial  access  for  blood  gas  sam- 
pling.'-' 


CBGS  9.0 
ITY: 


ASSESSMENT  OF  TEST  QUAL- 


Sampling  of  capillary  blood  is  useful  for  patient 
management  only  if  the  procedure  is  carried  out  ac- 
cording to  an  established  quality  assurance  pro- 
gram. The  validity  of  the  test  may  be  jeopardized  if 
any  of  the  following  occur:  "*-^-^ 

9.1  The  sample  is  contaminated  by  air; 

9.2  Clots  prevent  accurate  analysis; 

9.3  Quantity  of  sample  is  insufficient  for  analy- 
sis; 

9.4  Analysis  of  sample  is  delayed  {>  15  minutes 
for  samples  at  room  temperature,  or  >  60  min- 
utes for  samples  held  at  4°C).-- 

CBGS  10.0       RESOURCES: 

10.1  Equipment:  Single  puncture — prehep- 
arinized  glass  capillary  (eg,  Natelson)  tubes, 
metal  fleas,  magnet,  clay/wax  sealant  or  caps, 
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lancet  to  make  incision  <  2.5  mm  in  depth, 
gauze/cotton  balls,  ice,  gloves,  skin  antiseptic, 
warm  and  moist  cloth/diaper  or  commercially 
prepared  warming  pads  (42°C),  sharps  container, 
labeling  materials'" 

10.2  Personnel:  Capillary  sampling  must  be 
performed  under  direction  of  a  physician. 
Individuals  who  perform  capillary  sampling 
should  have  a  background  in  mathematics  and 
science  and  specific  training  in  capillary  blood 
sampling  and  related  procedures.  They  must 
competently  demonstrate  capillary  blood  gas 
sampling  and  undergo  periodic  skills  assessment 
of  technique:  implementation  of  Universal 
Precautions;  success  at  obtaining  a  quality  sam- 
ple; preparation,  storage  and  transport  of  speci- 
mens; documentation;  and  post  sampling  site 
care  and/or  complication  rate.'°-^-' 

CBGS  11.0       MONITORING: 

The  following  should  be  monitored  and  document- 
ed in  the  medical  record  as  part  of  the  capillary  sam- 
pling procedure: 

11.1  Fio:  or  prescribed  oxygen  flow;'"'^^-^-'^ 

11.2  Oxygen  administration  device  or  ventilator 
settings;  "'•-''■-^•-** 

11.3  Free  flow  of  blood  without  the  necessity  for 
"milking"  the  foot  or  finger  to  obtain  a  sample;'"''* 

11.4  Presence/absence  of  air  or  clot  in  sam- 
ple-10,26,27 

11.5  Patient  temperature,  respiratory  rate,  posi- 
tion or  level  of  activity,  and  clinical  appear- 
ance;'"--'' 

11.6  Ease  or  difficulty  of  obtaining  sample;'"-''-'* 

11.7  Appearance  of  puncture  site;'^'"' 

11.8  Complications  or  adverse  reactions  to  the 
procedure; 

11.9  Date,  time,  and  sampling  site;'" 

11.10  Noninvasive  monitoring  values:  transcuta- 
neous O2  &  CO2,  end-tidal  CO2,  and/or  pulse 
oximetry;--* 

11.11  Results  of  the  blood  gas  analysis. 

CBGS  12.0   FREQUENCY: 

The  frequency  of  capillary  sampling  should  depend 
upon  the  clinical  status  of  the  patient  and  the  indica- 


tions for  performing  the  procedure,  not  upon  a  pre- 
scribed frequency. 

12.1  Those  patients  requiring  frequent  CBGs 
should  be  considered  candidates  for  placement 
of  an  indwelling  arterial  access  for  blood  gas 
sampling  or  noninvasive  monitoring  techniques, 
to  limit  trauma  associated  with  repeated  punc- 
tures. 

12.2  Repeated  puncture  of  the  foot/finger  in- 
creases the  risk  of  scarring  or  serious  laceration. 
Care  should  be  exercised  to  alternate  the  sam- 
pling site  for  patients  requiring  multiple  punc- 
tures.'■♦■'^ 

CBGS  13.0       INFECTION  CONTROL: 

13.1  Universal  Precautions  as  published  by  the 
Centers  for  Disease  Control  and  directives  is- 
sued by  the  Department  of  Labor  concerning  oc- 
cupational exposure  to  blood-borne  pathogens 
must  be  followed  during  capillary  sampling.-'-''" 

13.2  Aseptic  techniques  should  be  employed  due 
to  the  invasive  nature  of  this  procedure.  Punc- 
ture site  should  be  cleaned  with  antiseptic  solu- 
tion.'" 

13.3  Blood  specimens,  contaminated  materials, 
and  lancets  must  be  disposed  of  in  appropriate 
containers.-'* 

13.4  Gloves  should  be  worn  by  caregivers  to 
protect  against  blood  splashes  on  sores  or  skin 
breaks.-'^ 

Perinatal-Pediatrics  Guidelines  Committee: 

Lynne  K  Bower  RRT.  Chairman,  Boston  MA 
Sherry  L  Barnhart  RRT.  Mattoon  IL 
Peter  Betit  BS  RRT,  Boston  MA 
Barhora  Hendon  BA  RCP  RRT  Wylie  TX 
Joanne  Musi-Lynch  BS  RRT  Salt  Lake  City  UT 
Barbara  G  Wilson  MEd  RRT  Durham  NC 
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Body  Plethysmography 


BP  1.0       PROCEDURE: 

Body  plethysmography  for  thoracic  gas  volume  and 
airways  resistance  measurements 

BP  2.0        DESCRIPTION/DEFINITION: 

During  body  plethysmography,  the  subject  is  en- 
closed in  a  chamber  equipped  to  ineasure  pressure, 
flow,  or  volume  changes.  The  most  common  mea- 
surements made  using  the  body  plethysmograph  are 
thoracic  gas  volume  (Vig)  and  airways  resistance 
(Raw)-' "  Airways  conductance  (Gaw)  is  also  com- 
monly calculated  as  the  reciprocal  of  Raw  Specific 
airways  conductance  (ie,  conductance/unit  of  lung 
volume)  is  routinely  reported  as  SGaw  Other  tests 
that  can  be  measured  in  the  body  plethysmograph 
include  spirometry,  bronchial  challenge,  diffusing 
capacity  (Dlco)'  single-breath  nitrogen  (N2),  multi- 
ple-breath N2  washout,  pulmonary  compliance,  oc- 
clusion pressure,  and  cardiac  output,  including  pul- 
monary blood  flow.  These  will  not  be  discussed  as 
part  of  this  guideline  because  some  have  been  previ- 
ously addressed.' '' 

2.1  Vtg  is  expressed  in  liters  (BTPS)  and  is  the 
volume  of  gas  in  the  lung  when  the  mouth  shut- 
ter is  closed.  In  plethysmographic  studies,  it  is 
commonly  used  to  represent  the  functional 
residual  capacity  (FRC). 

2.2  Airways  resistance  (Raw)  is  reported  in  cm 
H2O/L/S. 

2.3  Specific  airways  conductance  (SGa\J  is  re- 
ported in  L/s/cm  H2O  (ie,  cm  H2O  •  s  •  L"')  and 
is  the  reciprocal  of  the  Raw  (I/Raw)  divided  by 
the  lung  volume  at  which  the  resistance  mea- 
surement was  made. 

BP3.()       SETTINCJS: 

3.1  PLilnionary  function  laboratories 


3.2  Cardiopulmonary  laboratories 

3.3  Clinics  and  physician's  offices 

BP  4.0       INDICATIONS: 

Body  plethysmographic  determination  of  Vyo.  Raw< 
and  SGaw  may  be  indicated 

4.1  For  measurement  of  lung  volumes  to  distin- 
guish between  restrictive  and  obstructive  pro- 
cesses; 

4.2  For  evaluation  of  obstructive  lung  diseases, 
such  as  bullous  emphysema  and  cystic  fibrosis, 
which  may  produce  artifactually  low  results  if 
measured  by  helium  dilution  or  N2  washout^  (an 
index  of  trapped  gas  (ie,  FRCpieihysmograph/ 
FRChc  dilution)  Can  be  established);** 

4.3  For  measurement  of  lung  volumes  when 
multiple  repeated  trials  are  required,  or  when  the 
subject  is  unable  to  perform  multibreath  tests;'' 

4.4  For  evaluation  of  resistance  to  airflow;"' 

4.5  For  determination  of  the  response  to  bron- 
chodilators  (Raw,  SGaw,  and  Vjo):" 

4.6  For  determination  of  bronchial  hypeireactivity 
in  response  to  methachoiine,  histamine,  or  isocap- 
nic  hyperventilation  (Vyo.  Raw.  and  SGaw);'"''' 

4.7  For  following  the  course  of  disease  and  re- 
sponse to  treatment. 

BP5.0       CONTRAINDICATIONS: 

Relative  contraindications  to  body  plethysmogra- 
phy arc 

5.1  Mental  confusion,  muscular  incoordination, 
body  casts,  or  other  conditions  that  prevent  the 
subject  from  entering  the  plethysmograph  cabi- 
net or  adequately  performing  the  required  ma- 
neuvers (ie,  panting  against  a  closed  shutter); 

5.2  Claustrophobia  that  may  be  aggravated  by 
entering  the  plethysmograph  cabinet; 
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as  continuous  I.V.  infusions  with  pumps  or  other 
equipment  that  will  not  fit  into  the  plethysmo- 
graph.  that  should  not  be  discontinued,  or  that 
might  interfere  with  pressure  changes  (eg,  chest 
tube,  transtracheal  O2  catheter,  or  ruptured 
eardrum); 

5.4  continuous  oxygen  therapy  that  should  not 
be  temporarily  discontinued. 

BP  6.0        HAZARDS/COMPLICATIONS: 

6.1  Vtg  and  Raw  measurements  require  the  sub- 
ject to  pant  against  a  closed  shutter;  improper 
panting  technique  may  result  in  excessive  in- 
trathoracic pressures. 

6.2  Enclosure  in  the  plethysmograph  may  cause 
symptoms  of  claustrophobia. 

6.3  Prolonged  confinement  in  the  plethysmo- 
graph chamber  could  result  in  hypercapnia  or 
hypoxia;  however,  because  of  the  limited  length 
of  the  test  and  the  fact  that  the  plethysmograph 
must  be  vented  periodically,  this  is  an  uncom- 
mon occurrence. 

6.4  Transmission  of  infection  is  possible  via  im- 
properly cleaned  equipment  (ie,  mouthpieces)  or 
as  a  consequence  of  the  inadvertent  spread  of 
droplet  nuclei  or  body  fluids  (patient-to-patient 
or  patient-to-technologist). 

BP  7.0  LIMITATIONS  OF  METHODOLO- 
GY/ VALIDATION  OF  RESULTS: 

Limitations  of  the  body  plethysmograph  in  mea- 
surement of  Vtg-  Raw.  and  SG;,w  include  but  are  not 
limited  to 

7.1  Overestimation  of  Vtq  in  subjects  with  mod- 
erate or  severe  obstruction. '-"'^ 

7.2  Erroneous  measurement  of  Vjo-  Raw.  or  SGaw 
due  to  improper  panting  technique.  Excessive 
pressure  fluctuations  or  signal  drift  during  panting 
may  invalidate  Vxo,  Raw.  or  SGaw-'^ 

7.3  Nonpanting  measurements  have  been  sug- 
gested for  use  in  children  or  others  who  have  dif- 
ficulty mastering  the  panting  maneuver. '**■''' 
Nonpanting  maneuvers  in  plethysmographs  with 
built  in  thermal  leaks  may  invalidate  Vxo  or  Raw 
measurements.--" 


7.4  Computer-determined  slopes  of  either  Vjg  or 
Raw  tangents  may  be  inaccurate.  Many  systems 
calculate  the  slopes  using  a  best-fit  regression 
analysis.  This  technique  may  produce  widely 
varying  results  if  extraneous  data  points  are  in- 
cluded (due  to  improper  panting  or  excessive  sig- 
nal drift). -'■-- 

7.5  Excessive  abdominal  gas  or  panting  tech- 
niques using  accessory  muscles  may  increase 
the  measured  V^g.  due  to  compression  effects. -^^ 

7.6  Plethysmography  is  a  complex  test.  Careful 
calibration  of  multiple  transducers  is  required. 
Attention  to  frequency  response,  thermal  stabili- 
ty, and  leaks  is  necessary.-"" 

7.7  Choice  and  application  of  reference  values 
affect  interpretation. 

7.7.1  Reference  values  for  Vtg  using  ple- 
thysmographically  determined  lung  vol- 
umes are  not  widely  available. 

7.7.1.1  Make  a  tentative  selection 
from  whatever  published  reference 
values  are  available.  The  charac- 
teristics of  the  healthy  reference 
population  should  match  the  study 
group  with  respect  to  age.  body 
size,  gender,  and  racial  and  ethnic 
mix.  The  equipment,  techniques, 
and  measurement  conditions 
should  be  similar. 

7.7.1.2  Following  selection  of  ap- 
parently appropriate  reference  val- 
ues, compare  measurements  ob- 
tained from  a  representative  sam- 
ple of  healthy  individuals  (10-20 
subjects)  over  an  appropriate  age 
range  to  the  predicted  values  ob- 
tained from  the  selected  reference 
values.  If  an  appreciable  number 
of  the  sample  fall  outside  of  the 
normal  range,  more  appropriate 
reference  values  should  be  sought. 
This  procedure  detects  only  rela- 
tively gross  differences  between 
sample  and  reference  populations.-' 

BP  8.0       ASSESSMENT  OF  NEED: 

See  Section  4.0  Indications. 
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BP  9.0       ASSESSMENT  OF  TEST  QUALITY: 

Each  laboratory  should  standardize  procedures  and 
demonstrate  intertechnician  reliability.  Test  results 
can  only  be  considered  valid  if  they  are  derived  ac- 
cording to  and  conform  to  established  laboratory 
control  and  quality  assurance  protocols.  These  pro- 
tocols should  address  test  standardization  and  repro- 
ducibility criteria  that  include  the  methodology  used 
to  derive  and  report  Vtg  and  airway  mechanics. 

9,1  Results  are  valid  if  the  equipment  functions 
acceptably  and  the  subject  is  able  to  perform  the 
maneuvers  in  an  acceptable  and  reproducible 
fashion. 

9. LI  VxG  maneuvers  may  be  considered 

acceptable  when 

9.1.1.1  the  displayed  or  recorded 
tracing  indicates  proper  panting 
technique;  the  Pmouth/Pbox  loop 
(closed  shutter)  should  be  closed 
or  nearly  so.  The  patient  should 
support  his/her  cheeks  with  the 
hands  to  prevent  pressure  changes 
induced  by  the  mouth.-''  This 
should  be  done  without  supporting 
the  elbows  or  elevating  the  shoul- 
ders. 

9.1.1.2  Recorded  pressure  changes 
should  be  within  the  calibrated 
pressure  range  of  each  transducer 
(See  Section  10.1.3).  The  entire 
tracing  should  be  visible.  Pressure 
changes  that  are  too  large  or  too 
small  may  yield  erroneous  results. 

9.1.1.3  There  should  be  evidence 
of  thermal  equilibrium;  tracings 
should  not  drift  on  the  display  or 
recording. 

9.1.1.4  The  panting  frequency 
should  be  approximately  1  Hz. 
Nonpanting  maneuvers  may  be  ac- 
ceptable if  the  plcthysmograph 
system  is  specifically  designed  to 
perform  such  a  maneuver.'"*-^ 

9.1.2  The  reported  V|G 

9.1.2.1  should  be  averaged  from  a 
minimum  of  ?i-5  separate,  accept- 
able panting  maneuvers;'"  -'' 


9.1.2.2  should  be  calculated  using 
tangents  or  angles  that  agree  with- 
in 10%  of  the  mean;  widely  vary- 
ing tangents  or  angles  should  be 
averaged,  and  reported  as  variable; 

9.1.2.3  should  indicate  whether  the 
thoracic  volume  was  at  FRC  or  at 
another  level; 

9.1.2.4  should  be  compared  with 
other  lung  volume  determinations 
(He  dilution,  Nt  washout)  if  per- 
formed; 

9.1.2.5  from  some  systems  should 
be  corrected  for  patient  weight. 

9.1.3  A  slow  vital  capacity  (VC)  maneu- 
ver and  its  subdivisions  inspiratory  capaci- 
ty (IC)  and  expiratory  reserve  volume 
(ERV)  should  be  performed  during  the 
same  testing  session.  The  ERV,  IC,  and 
IVC  can  be  measured  before  disconnecting 
the  patient  from  the  measuring  system. 
Alternatively,  the  patient  can  be  discon- 
nected and  the  ERC,  IC,  and  IVC  per- 
formed imediately  afterward. 

9.1.3.1  The  largest  VC  obtained 
should  be  used  for  calculation  of 
derived  lung  volumes  (ie,  total 
lung  capacity,  or  TLC,  residual 
volume,  or  RV,  and  RV/TLC%). 

9.1.3.2  The  IC  and  ERV  from  the 
largest  acceptable  VC  should  be 
used  to  calculate  derived  volumes. 

9.1.3.3  TLC  may  be  calculated 
from  the  FRC  determined  plethys- 
mographically; 

TLC  =  FRC  +  IC 

or 
TLC  =  RV  +  VC. 

9.1.3.4  RV  may  be  calculated  from 
the  FRC  determined  plethysmo- 
graphically: 

RV  =  FRC  -  ERV 

or 
RV  =  TLC  -  VC. 

9.1.4  Raw  and  SGaw  maneuvers  may  be 
considered  acceptable  if  they  meet  criteria 
9.1.1.2  through  9.1.1.4  above. 

9.  L4.1  The  open  shutter  panting 
maneuver  should  show  a  relatively 
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closed  loop,  particularly  in  the 
range  of  +0.5  to  -0.5  L/s. 
9.1.4.2  The  panting  frequency  dur- 
ing serial  measurements  in  a  given 
patient  should  be  kept  the  same  to 
aid  in  interpretation.  Consensus  of 
the  group  suggests  a  range  of  1 .5- 
3.0  Hz. 
9.1.5  The  reported  Raw  and  SGaw 

9.1.5.1  should  be  calculated  from  the 
ratio  of  closed  and  open  shutter  tan- 
gents for  each  maneuver. -^"Airway 
resistance  and  lung  volume  are  inter- 
dependent in  a  nonlinear  fashion; 

9.1.5.2  should  be  averaged  from  3- 
5  separate,  acceptable  maneuvers 
as  calculated  in  9.1.5.1;  repro- 
ducibility should  be  within  10%;" 

9.1.5.3  should  have  the  open-shut- 
ter tangent  CVfPbox)  measured  be- 
tween flows  of  +0.5  and  -0.5  L/s. 
For  loops  that  display  hysteresis, 
the  inspiratory  limbs  may  be  used;-™ 

9.1.5.4  Should  have  the  SGaw  cal- 
culated using  the  Vtg  at  which  the 
shutter  was  closed  for  each  indi- 
vidual maneuver.-' 

9.2  Report  of  test  results  should  contain  a  state- 
ment, by  the  technician  performing  the  test, 
about  test  quality  and  if,  appropriate  which  rec- 
ommendations were  not  met.-'--''* 


BP  10.0       RESOURCES: 

10.1  Equipment: 

10.1.1  Volume-measuring  devices  used  in 
the  plethysmograph  (pneumotachometer) 
should  meet  or  exceed  ATS  recommenda- 
tions. A  3-L  syringe  should  be  available  for 
calibration.''-' 

10.1.2  Either  pressure  (constant  volume)  or 
flow-type  plethysmographs  may  be  used. 

10.1.3  Transducers  in  the  plethysmograph 
should  meet  the  following  range  specifica- 
tions:-' 

Mouth  pressure:  ±20  to  50  cm  H2O 

Box  pressure:  ±2  cm  H2O  (500  L  box) 

Flow:  0.2  to  1.5  L/s 


10.1.4  Pressure  and  volumes  signals 
should  be  phase  aligned  up  to  10  Hz. 

10.1.5  A  plenum  or  similar  device  that  fa- 
cilitates thermal  equilibrium  is  recommend- 
ed. Some  plethysmographs  utilize  air  condi- 
tioning to  maintain  thermal  equilibrium. 

10.1.6  The  plethysmograph  cabinet  should 
be  easy  for  the  subject  to  enter  and  exit. 
The  door  should  preferably  be  operable 
from  within  the  box.  The  cabinet  should 
be  equipped  with  an  intercom  and  should 
provide  adequate  visibility  for  both  the 
technologist  and  the  subject. 

10.1.7  The  plethysmograph  system,  if 
computerized,  should  allow  for  technolo- 
gist adjustment  of  open-  and  closed-shutter 
tangents. 

10.1.8  Calibration  devices  should  include 
(in  addition  to  a  3-L  syringe)  30-50  mL 
sine-wave  pump  (variable  speed,  used  pri- 
marily for  calibration  of  pressure  boxes), 
water  manometer  ±20  cm  H2O  (used  for 
calibration  of  the  mouth  pressure  transduc- 
er), and  rotameter  0  to  1 .5  L/s  (used  for  cal- 
ibration of  the  pneumotachometer). 

10.1.9  An  isothermal  lung  analog''  and/or 
biologic  controls'"'  are  recommended  for 
quality  control. 

10.2  Personnel:  Plethysmography  should  be 
performed  under  the  direction  of  a  physician 
trained  in  pulmonary  function  testing.  It  may  be 
performed  by  persons  who  meet  criteria  for  ei- 
ther Level  I  or  Level  II.  Plethysmographic  re- 
sults can  be  compromised  if  the  test  is  performed 
by  inadequately  trained  personnel. 

10.2.1  Level  I:  The  technologist  perform- 
ing plethysmography  should  be  a  high 
school  graduate  or  equivalent  with  a 
demonstrated  ability  to  perform  spirometry 
and  lung  volume  determinations.  Level  I 
personnel  should  perform  plethysmogra- 
phy only  under  the  supervision  of  a  Level 
II  individual  or  a  physician. 

10.2.2  Level  II:  Personnel  supervising 
plethysmography  should  have  formal  edu- 
cation and  training.'*  This  may  be  part  of 
an  accredited  program  in  respiratory  thera- 
py or  pulmonary  function  technology,  or  2 
years  of  college  work  in  biological  sci- 
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ences  and  mathematics.  Level  II  personnel 
should  also  have  2  or  more  years  experi- 
ence performing  spirometry,  lung  volumes, 
and  diffusing  capacity  tests.  One  or  more 
of  the  following  credentials  is  recommend- 
ed: CRTT,  RRT.  CPFT.  RPFT.  RN. 

BP.  11.0       MONITORING: 

(See  also  Section  9.0  Assessment  of  Test  Quality) 

11.1  The  final  report  should  contain  a  statement 
regarding  test  quality. 

11.2  The  final  report  should  contain  the  Vxg- 
Raw,  and  SGaw,  if  performed.  If  the  Vjo  is  mea- 
sured at  a  lung  volume  other  than  FRC,  both  val- 
ues should  be  reported. 

11.3  If  the  FRC  is  measured  by  more  than  one 
method,  the  report  should  indicate  how  lung  vol- 
umes are  reported. 


BP  12.0       FREQUENCY: 

The  frequency  with  which  plethysmography  is  re- 
peated should  depend  on  the  clinical  question(s)  to 
be  answered. 

BP  13.0       INFECTION  CONTROL: 

Plethysmographic  tests  are  relatively  safe  proce- 
dures, but  the  possibility  of  cross-contamination  ex- 
ists, either  from  the  patient-patient  or  patient-tech- 
nologist interface. 

13.1  Universal  Precautions"'**  (as  published  by 
the  Centers  for  Disease  Control)  should  be  ap- 
plied in  all  instances  in  which  there  is  evidence 
of  contamination  with  blood  (eg,  mouthpieces). 
Although  Universal  Precautions  do  not  apply  to 
saliva  or  mucus  unless  it  contains  blood,  it 
should  be  noted  that  other  potentially  hazardous 
organisms  may  be  present  in  these  fluids  even  in 
the  absence  of  blood,  and  the  appropriate  use  oi 
barriers  and  hand  washing  is  recommended.'" 

13.2  Due  to  the  nature  of  the  maneuvers  and  the 
likelihood  of  coughing  when  the  test  is  per- 
formed by  subjects  with  known  or  suspected  ac- 
tive infection  with  M  tuberculosis  or  other  air- 


borne organisms,  the  following  precautions  are 
recommended. 

13.2.1  The  room  in  which  the  test  is  per- 
formed should  meet  or  exceed  the  recom- 
mendations of  U.S.  Public  Health  Service""' 
for  air  changes  and  ventilation.  Ideally,  an 
area  in  the  testing  department  should  be  spe- 
cially ventilated  for  isolation  patients.  If  this 
is  not  possible,  the  patient  should  be  returned 
to  the  isolation  room  as  soon  as  possible. 

13.2.2  Pulmonary  function  technologists 
performing  procedures  on  patients  with  po- 
tentially infectious  airborne  diseases  should 
wear  a  personal  respirator  that  meets 
OSHA  recommendations,  especially  if  the 
testing  itself  induces  cough. 

13.3  The  mouthpiece  and  any  parts  of  the  system 
that  come  into  contact  with  the  subject  should  be 
disposable  or  sterilized  between  patients.  If  ster- 
ilization is  not  feasible,  then  high-level  disinfec- 
tion should  be  performed.  It  is  unnecessary  to 
routinely  clean  the  plethysmograph  itself. 

13.4  Bacteria  filters  may  be  used  in  circuits  that 
allow  rebreathing,  although  their  efficacy  is  not 
well  documented.  Such  filters  may  impose 
added  resistance  and  increase  the  volume  of  the 
measuring  device.  If  a  filter  is  used  in  the 
plethysmograph,  its  resistance  and  volume 
should  be  subtracted  from  the  R;,w  and  Vtg.  re- 
spectively. 

Cardiopulmonary  Diagnostics  Committee: 

Kevin  Shrake  MA  RRT.  Chairman,  Springfield  IL 
Sue  Blonshine  BS  RRT  RPFT.  Lansing  MI 
Robert  A  Brown  BS  RRT  RPFT  Madison  WI 
Michael  J  Decker  CRTT.  Cleveland  OH 
Greiig  L  Ruppel  MEd  RRT.  St  Louis  MO 
Jack  WangerMBA  RRT  RPFT.  Denver  CO 
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IMTRODUCTION 

This  2-part  document  updates  and  re- 
places the  previously  published  Centers  for 
Disease  Control  and  Prevention  Guideline 
for  Prevention  of  Nosocomial  Pneumonia 
Unfect  Control  1982;3:  327-B,RespirCare 
1983;28:221-32,  and  Am  J  brfect  Control 
1983;11:230-44).  The  revised  guideline  is 
designed  to  reduce  the  incidence  of  nosoco- 
mial pneumonia  and  intended  for  use  by  per- 
sonnel who  are  responsible  for  surveillance 
and  control  of  infections  in  acute-care  hospi- 
tals. The  guideline  may  not  be  applicable  in 
long-term  care  facilities  because  of  the 
unique  characteristics  of  these  settings. 

The  revised  guideline  addresses  com- 
mon problems  encountered  by  infection 
control  practitioners  regarding  the  preven- 
tion and  control  of  nosocomial  pneumonia 
in  U.S.  hospitals.  Sections  on  the  prevention 
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of  bacterial  pneumonia  in  mechanically  ven- 
tilated and/or  critically  ill  patients,  care  of 
respiratory-therapy  devices,  prevention  of 
cross-contamination,  and  prevention  of  viral 
lower  respiratory  tract  infections,  such  as 
respiratory  syncytial  virus  (RSV)  and  in- 
fluenza infections,  have  been  expanded  and 
updated.  New  sections  on  Legionnaires'  dis- 
ease and  pneumonia  due  to  Aspergillus  spp. 
have  been  added.  Lower  respiratory  tract  in- 
fection due  to  Mycobacterium  tuberculosis 
is  not  addressed  in  this  document;  it  is  cov- 
ered in  separate  guidelines. ' 

A  working  draft  of  the  guideline  has 
been  reviewed  by  experts  in  infection  con- 
trol, pulmonology,  respiratory  therapy,  anes- 
thesiology, internal  medicine,  and  pediatrics. 
However,  all  recommendations  in  the  guide- 
line may  not  reflect  the  opinions  of  all  re- 
viewers. 

Part  I,  "Issues  on  Prevention  of 
Nosocomial  Pneumonia — 1994,"  provides 
the  background  for  the  consensus  recom- 
mendations of  the  Hospital  Infection  Control 
Practices  Advisory  Committee  (HICPAC) 
in  Part  II.  "Recommendations  for  Prevention 
of  Nosocomial  Pneumonia."  HICPAC  was 
established  in  1991  to  provide  advice  and 
guidance  to  the  Secretary  and  the  Assistant 
Secretary  for  Health,  Department  of  Health 
and  Human  Services;  the  Director,  CDC: 
and  the  Director.  NCID,  CDC,  regarding  the 
practice  of  hospital  infection  control  and 
strategies  for  surveillance,  prevention,  and 
control  of  nosocomial  infections  in  U.S.  hos- 
pitals. The  committee  also  advises  the  CDC 
on  periodic  updating  of  guidelines  and  other 
policy  statements  regarding  prevention  of 
nosocomial  infections.  The  Guideline  for 
Prevention  of  Nosocomial  Pneumonia  is  the 


first  of  a  series  of  CDC  guideUnes  being  re- 
vised by  HICPAC  and  NCID,  CDC. 

Part  I  can  be  an  important  resource  for 
educating  health-care  workers  regarding 
prevention  and  control  of  nosocomial  respi- 
ratory tract  infections.  Because  education  of 
health-care  workers  is  the  comerstone  of  an 
effective  infection  control  program,  hospi- 
tals should  give  high  priority  to  continuing 
infection  control  educational  programs  for 
these  staff  members. 

SUMMARY 

Pneumonia  is  the  second  most  common 
nosocomial  infection  in  the  United  States 
and  is  associated  with  substantial  morbidity 
and  mortality.  Most  patients  with  nosocomi- 
al pneumonia  are  those  with  exQ-emes  of  age, 
severe  underlying  disea.se,  immunosuppres- 
sion, depressed  sensorium,  and  cardiopul- 
monary disease,  and  those  who  have  had  tho- 
racoabdominal surgery.  Although  patients 
with  mechanically  assisted  ventilation  do  not 
comprise  a  major  proportion  of  patients  with 
nosocomial  pneumonia,  they  have  the  high- 
est risk  of  developing  the  infection. 

Most  bacterial  nosocomial  pneumonias 
occur  by  aspiration  of  bacteria  colonizing 
the  oropharynx  or  upper  gastrointestinal 
tract  of  the  patient.  Inhibation  and  mechani- 
cal ventilation  greatly  increase  the  risk  of 
nosocomial  bacterial  pneumonia  because 
they  alter  first-line  patient  defenses. 
Pneumonias  due  to  Legionella  spp., 
Aspergillus  spp.,  and  influenza  virus  are 
often  caused  by  inhalation  of  contaminated 
aerosols.  Respiratory  syncytial  virus  (RSV) 
infection  usually  follows  viral  inoculation  of 
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the  ci)iijuiKli\  ae  or  nasal  mucosa  by  contani- 
inaled  hands. 

Traditional  preventive  measures  tor 
nosocomial  pneumonia  include  decreasing 
aspiration  by  the  patient,  preventing 
cross-contamination  or  colonization  via 
hands  ol  personnel,  appropriate  disinfection 
or  sterilization  of  respiratory  therapy  de- 
vices, use  of  available  vaccines  to  protect 
against  particuhir  infections,  and  education 
of  hospital  staff  and  patients.  New  measures 
under  investigation  involve  reducing 
oropharyngeal  and  gastric  colonization  by 
pathogenic  microorganisms. 

BACTERIAL  PNEUMONIA 

/.  Etiologic  Agents 

The  reported  distribution  of  etiologic 
agents  causing  nosocomial  pneumonia 
varies  between  hospitals  because  of  differ- 
ences in  patient  populations  and  diagnostic 
methods  employed.- '"  In  general,  however, 
bacteria  have  been  the  most  frequently  iso- 
lated pathogens.-''''""  Schaberg  et  al  re- 
ported that  in  1986-1989,  aerobic  bacteria 
comprised  at  least  73%,  and  fungi  4%,  of 
isolates  from  sputum  and  tracheal  aspirates 
from  pneumonia  patients  at  the  University  of 
Michigan  Hospitals  and  hospitals  piuticipat- 
ing  in  the  National  Nosocomial  Infection 
Surveillance  System  (NNIS);  very  few 
anaerobic  bacteria  and  no  viruses  were  re- 
ported, probably  because  anaerobic  and  viral 
cultures  were  not  performed  routinely  in  the 
reporting  hospitals  (Table  I ).'  Similarly,  cul- 
tures of  bronchoscopic  specimens  from  me- 
chanically ventilated  patients  with  pneumo- 
nia have  rarely  yielded  anaerobes.^''"'  '^''' 
Only  the  report  by  Bartlett,  which  was  based 
mainly  on  cultures  of  transtracheal  aspirates 
from  patients  not  receiving  mechanically  as- 
sisted scntilation,  showed  a  predominance  of 
anaerobes.^ 

Nosocomial  bacterial  pneumonias  are 
frequently  polymicrobial,''-'''"'-'''  '*"  and 
gram-negative  bacilli  are  the  usual  predom- 
inant organisms  (Table  1 ).- '''" '  ' '  However, 
Shiphylococcus  aureus  (especially  methi- 
cillin-resisiant  5«m;v(/.v)''''"'"-"-' and  other 
gram-positive  cocci,  including  Siivphuomis 
pneimumiae.^^  have  recently  emerged  as 
significant  isolates."  In  addition. 
Haemophilus  injhwnzoe  has  been  isolated 
from  mechanically  ventilated  patients  with 
pneumonia  that  occurs  within  48-96  hours 
after  intubation.'^  '-■'^"  In  NNIS  hospitals. 


Pscudi>m»nas  aeruginosa.  Enterobacter 
sp.,  Klebsiella  pneumoniae.  Escherichia 
coll.  Serratia  marcescens.  and  Proteus  spp. 
comprised  50%  of  the  isolates  from  cul- 
tures of  respiratory  tract  specimens  from 
patients  for  whom  nosocomial  pneumonia 
was  diagnosed  by  using  clinical  criteria;  S 
aureus  accounted  for  16%,  and  H  influen- 
zae, for  6%  (Table  I ).'  Fagon  and  co-work- 
ers reported  that  gram-negative  bacilli  were 
present  in  75%  of  quantitative  cultures  of 
protected-specimen  bmshings  (PSB)  from 
patients  who  had  received  mechanically  as- 
sisted ventilation  and  acquired  nosocomial 
pneumonia;  40%  of  the  cultures  were 
polymicrobial.'  In  the  report  by  Torres  et  al. 
20%  of  pathogens  recovered  from  cultures 
of  PSB.  blood,  pleural  fluid,  or  percutaneous 
lung  aspirate  were  gram-negative  bacilli  in 
pure  culture,  and  17%  were  polymicrobial; 
however.  54%  of  specimens  did  not  yield 
any  microorganism,  probably  because  of  re- 
ceipt of  antibiotics  by  patients.' 

//.  Diagnosis 

Nosocomial  pneumonia  has  been  diffi- 
cult to  diagnose.^'*-"'-'''-  Frequently,  the  cri- 
teria for  diagnosis  have  been  fever,  cough, 
and  development  of  purulent  sputum,  in 
combination  with  radiologic  evidence  of  a 
new  or  progressive  pulmonaiy  infiltrate,  a 
suggestive  Gram's  stain,  and  cultures  of 
sputum,  tracheal  aspirate,  pleural  fluid,  or 
blood.'*-'--''"  '''  Although  clinical  criteria 
together  with  cultures  of  sputuin  or  tracheal 
specimens  may  be  sensitive  for  bacterial 
pathogens,  they  are  highly  non-specific,  es- 
pecially in  patients  with  mechanically  assist- 
ed ventilation;*'"'--'-''"*"--''-''-"-"-'^  on  the 
other  hand,  cultures  of  blood  or  pleural  fluid 
have  very  low  sensitivity ."■"'■'''■'" 

Because  of  these  problems,  a  group  of 
investigators  recently  formulated  consen- 
sus recommendations  for  standardization 
of  methods  to  diagnose  pneumonia  in  clini- 
cal research  studies  of  ventilator-associated 
pneumonia.*'' ■"'  These  methods  involve 
bronchoscopic  techniques,  eg.  quantitative 
culture  of  PSB,'-'""-'-''-''"-"*--"--"-"'  bron- 
choalveolar  lavage  (BAL).'-'--'"-'"-'"-'-'  and 
protected  BAL  (pBAL).'-'The  reported 
sensitivities  and  specificities  of  these  meth- 
ods have  ranged  from  lO'/r  to  lOO'f  and 
6()'7r  to  \iW7r .  respectively,  depending  on 
the  tests  or  diagnostic  criteria  they  were 
compared  with.  Because  these  techniques 
are  invasive,  they  may  cause  complications 


such  as  hypoxemia,  bleeding,  or  arrhyth- 
mia.*-"-''-"-''--'-'' ""'  In  addition,  the  sensitivity 
of  the  PSB  procedure  inay  decrease  for  pa- 
tients receiving  antibiotic  therapy.''"-' 
Nonbronchoscopic  (NB)  procedures,  eg, 
NB-pBAL'--'  '"'''<  or  NB-PSB,"  which  uti- 
lize blind  catheterization  of  the  distal  air- 
ways, and  quantitative  culture  of  endotra- 
cheal aspirate,''''-''"  have  been  developed  re- 
cently. Of  these,  endotracheal  aspirate 
culture  appears  to  be  the  most  practical. 
The  use  of  these  bronchoscopic  and  non- 
bronchoscopic diagnostic  tests  can  be  a 
major  step  in  better  defining  the  epidemiol- 
ogy of  nosocomial  pneumonia  especially  in 
patients  with  mechanically  assisted  ventila- 
tion; however,  further  studies  are  needed  to 
determine  each  test's  applicability  in  daily 
clinical  practice. 

///.  Epidemiology 

NNIS  reports  that  pneumonias  (diag- 
nosed on  the  basis  of  the  CDC  sui-veillance 
definition  of  nosocomial  pneumonia)  ac- 
count for  approximately  15%  of  all  hospi- 
tal-associated infections  and  are  the  second 
most  common  nosocomial  infections  after 
those  of  the  urinary  tract.-'''  In  1984.  the 
overall  incidence  of  lower  respiratory  tract 
infection  was  6  per  I. (XX)  discharged  pa- 
tients.- The  incidence  per  l.(XX)  discharged 
patients  ranged  from  4.2  in  nonteaching  hos- 
pitals to  7.7  in  university-affiliated  hospitals, 
probably  reflecting  institutional  differences 
in  the  level  of  patients"  risk  for  acquiring 
nosocomial  pneumonia. 

Nosoconiial  bacterial  pneumonia  often 
has  been  identified  as  a  postoperative  infec- 
tion.''-''' In  the  Study  of  the  Efficacy  of 
Nosocomial  Infection  Control  in  the  1970s. 
75%  of  reported  cases  of  nosocomial  bacte- 
rial pneumonia  occurred  in  patients  who  had 
had  a  surgical  operation;  the  risk  was  .''S 
times  greater  for  thoracoabdominal  proce- 
dures than  for  those  involving  other  body 
sites.'''  More  recent  epidemiologic  studies, 
including  NNIS  studies,  have  identified 
other  subsets  of  patients  at  high  risk  of  de- 
veloping nosocomial  bacterial  pneumonia: 
patients  with  endotracheal  intubation  and/or 
mechanically  assisted  ventilation,  depressed 
level  of  consciousness  (particuUirly  those 
with  closed-head  injury),  prior  episixle  of  a 
large-volume  aspiration,  or  underlying 
chronic  lung  disease,  and  patients  >  70  years 
of  age.  Other  risk  factors  include  24-hour 
ventilator-circuit  changes,  fall-winter  sea- 
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Microorganisms  Isolated  from  Respiratory  Tract  Specimens  Obtained  by  Various  Representative  Methods  from 
Adult  Patients  with  a  Diagnosis  of  Nosocomial  Pneumonia 


Schaberg'' 

Bartletf* 

Fagon' 

Torres'' 

Hospital  Type 

NNIS&UMH* 

Veterans 

General 

General 

Patients  Studied: 

Ventilated  or  nonventilated 

Mixed 

Mbced 

Ventilated 

Ventilated 

Number 

N/At 

159 

49 

78 

Number  of  Episodes  of  Pneumonia 

N/A 

159 

52 

78 

Specimen  (s)  Cultured 

Sputum,  tracheal 

Transtracheal  aspirate. 

Protected  specimen 

Protected  specimen 

aspirate 

pleural  fluid,  blood 

brushing 

brushing,  lung 

aspirate,  pleural  fluid, 

blood 

Culture  Results: 

No  organism  isolated 

N/A 

0 

0 

54%t 

Polymicrobial 

N/A 

54%* 

40%| 

13%t 

Number  of  isolates 

15,499 

314 

111 

N/A 

Aerobic  Bacteria 

Gram-Negative  Bacilli 

50%** 

46%tt 

75%tt 

\m% 

Pseudomonas  aeruginosa 

17%** 

9%tt 

31%tt 

5%tt 

Enterobacter  sp. 

11 

4 

2 

0 

Klebsiella  sp. 

7 

23 

4 

0 

Escherichia  colt 

6 

14 

8 

0 

Serratia  sp. 

5 

0 

0 

1 

Proteus  sp. 

3 

11 

15 

1 

Citrobacter  sp. 

1 

0 

2 

0 

Acinetobacter  calcoaceticus 

N/A 

0 

15 

9 

Others 

N/A 

0 

10 

0 

Haemophilus  influenzae 

6%** 

17%tt 

10%t+ 

o%« 

Legionella  sp. 

N/A 

N/A 

2%tt 

2%tt 

Gram-Positive  Cocci 

17%** 

56%tt 

52%+t 

4%W 

Staphylococcus  aureus 

16%** 

25%tt 

33%tt 

2%++ 

Streptococcus  sp. 

1 

31 

21 

2 

Others 

0 

0 

8 

0 

Anaerobes 

N/A 

35%++ 

2%+t 

0 

Rptostreptococcus 

N/A 

14%++ 

N/A 

0 

Fusobacterium  sp. 

N/A 

10 

N/A 

0 

F^ptococcus  sp. 

N/A 

11 

N/A 

0 

Bacteroides  melaninogenicus 

N/A 

9 

N/A 

0 

Bacteroides  fragilis 

N/A 

8 

N/A 

0 

Fungi 

4%  * 

N/A 

0 

l%tt 

Aspergillus  sp. 

N/A 

N/A 

0 

1%« 

Candida  sp. 

4%** 

N/A 

0 

0 

Viruses 

N/A 

N/A 

N/A 

N/A 

*NNIS  &  UMH  =  National  Nosocomial  Infections  Surveillance  System  and  University  of  Michigan  Hospitals 

tN/A  =  Not  applicable:  not  tested  or  not  reported. 

tPercent  episodes. 

**Percent  isolates. 

ft  Percent  episodes  (percentages  not  additive  due  to  polymicrobial  etiology  in  some  episodes). 

\\  Percent  patients  with  pure  culture 

References  appear  at  the  end  of  the  document. 
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son,  siress-bleeding  prophylaxis  with  cinie- 
tidine  with  or  without  antacid,  administra- 
tion of  antimicrobials,  presence  of  a  naso- 
gastric mbe,  severe  trauma,  and  recent  bron- 
choscopy .''-"•"■'^'■' 

Recently,  NNIS  stratified  the  incidence 
density  of  nosocomial  pneumonia  by  pa- 
tients' use  of  mechanical  ventilator  and  type 
of  intensive  care  unit  (ICU).  From  1986  to 
1990,  the  median  rate  of  ventilator-associat- 
ed pneumonia  per  1,000  ventilator-days 
ranged  from  4.7  in  pediatric  ICUs  to  34.4  in 
bum  ICUs.'*'  In  contrast,  the  median  rate  of 
nonventilator-associated  pneumonia  per 
1,000  ICU-days  ranged  from  0  in  pediatric 
and  respiratory  ICUs  to  3.2  in  trauma  ICUs. 

Nosocomial  pneumonia  has  been  associ- 
ated with  high  fatality  rates.  Crude  mortality 
rates  of  20%-50%  and  attributable  mortality 
rates  of  30%-33%  have  been  reported;  in 
one  study,  pneumonia  comprised  60%  of  all 
deaths  due  to  nosocomial  infections.  "•^'■'■'"*'' 
Patients  receiving  mechanically  assisted 
ventilation  have  higher  mortality  rates  than 
do  patients  not  receiving  ventilation  support; 
however,  other  factors,  such  as  a  patient's 
underiying  disease(s)  and  organ  failure,  are 
stronger  predictors  of  death  in  patients  with 
pneumonia."-^"" 

Analyses  of  pneumonia-associated  mor- 
bidity have  shown  that  pneumonia  could 
prolong  hospitalization  by  4-9  days.^'"*'  A 
conservative  estimate  of  the  direct  cost  of 
excess  hospital  stay  due  to  pneumonia  is 
$1.2  billion  a  year  for  the  nation.*-'  Because 
of  its  reported  frequency,  associated  high  fa- 
tality rale,  and  attendant  costs,  nosocomial 
pneumonia  is  a  major  infection  control 
problem. 

IV.  Pathogenesis 

Bacteria  may  invade  the  lower  respirato- 
ry tract  by  aspiration  of  oropharyngeal  or- 
ganisms, inhalation  of  aerosols  containing 
bacteria,  or,  less  frequently,  by  hematoge- 
nous spread  from  a  distant  body  site  (Figure 
1 ).  In  addition,  bacterial  transkx;ation  Irom 
the  gastrointestinal  tract  has  been  recently 
hypothesized  as  a  mechanism  for  infection. 
Of  these  routes,  aspiration  is  believed  to  be 
the  most  important  for  both  noscxromial  and 
community-acquired  pneumonia. 

In  radioisolope-tracer  studies,  45%  of 
healthy  adults  were  found  to  aspirate  during 
sleep.""  Persons  with  abnomial  swallowing, 
such  as  those  who  have  depressed  con- 
.sciousness,  respiratory  tract  instrumentation 
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Fig  1.  Pathogenesis  of  nosocomial  bacterial  pneumonia. 


and/or  mechanically  assisted  ventilation,  or 
gastrointestinal  tract  instrumentation  or  dis- 
eases, or  who  have  just  undergone  surgery, 
are  particularly  likely  to  aspirate.''"'*''''*''  "*' 

The  high  incidence  of  gram-negative 
bacillary  pneumonia  in  hospitalized  patients 
appears  to  be  the  result  of  factors  that  pro- 
mote colonization  of  the  pharynx  by 
gram-negative  bacilli  and  the  subsequent 
entry  of  these  organisms  into  the  lower  res- 
piratory tract. '^■*'*'"  Whereas  aerobic 
gram-negative  bacilli  are  recovered  infre- 
quently or  are  found  in  small  numbers  in 
pharyngeal  cultures  of  healthy  persons,**"'*- 
colonization  dramatically  increases  in  pa- 
tients with  coma,  hypotension,  acidosis, 
azotemia,  alcoholism,  diabetes  mellitus, 
leukocytosis,  leukopenia,  pulmonary  dis- 
ease, or  nasogastric  or  endotracheal  tubes  in 
place,  and  in  patients  given  antimicrobial 
agents."'"''"'" 

Oropharyngeal  or  tracheobronchial  colo- 
nization by  grain-negative  bacilli  begins 
with  the  adherence  of  the  microorganisms  to 
the  host's  epithelial  cells.'*'*'"  Adherence 
may  be  affected  by  multiple  factors  related 
to  the  bacteria  (presence  of  pili,  cilia,  ca[> 
sule,  or  production  of  elastase  or  mucinase), 
host  cell  (surface  proteins  and  polysaccha- 
rides), ;md  environment  (pH  and  presence  of 
mucin  in  respiratory  secretions)."''''"''^'"'"" 
The  exact  interactions  among  these  factors 
have  not  been  fully  elucidated,  but  studies 
indicate  that  certain  substances,  such  as  fi- 


bronectin,  can  inhibit  the  adherence  of 
gram-negative  bacilli  to  host  cells.'"''"""'* 
Conversely,  certain  conditions,  such  as  mal- 
nutrition, severe  illness,  or  postoperative 
state,  can  increase  adherence  of  gram-nega- 
tive bacteria.'''^'"*'"-"'^"''' 

Besides  the  oropharynx,  the  stomach  has 
been  postulated  to  be  an  important  reservoir 
of  organisms  that  cause  nosocomial  pneu- 
monia.'^"""'^ The  stomach's  role  may  vary 
depending  on  the  patient's  underlying  con- 
ditions and  on  prophylactic  or  therapeutic 
interventions.--'"'"""*  In  healthy  persons, 
few  bacteria  entering  the  stomach  survive  in 
the  presence  of  hydrochloric  acid  at  pH  < 
2  iii.iM  However,  when  gastric  pH  increases 
from  the  normal  levels  to  >  4,  microorgan- 
isms are  able  to  multiply  to  high  concentra- 
tions in  the  stomach.'"""'-'  '-'  This  can 
occur  in  patients  with  advanced  age,'-' 
achlorhydria,"''  ileus,  or  upper  gastrointesti- 
nal disease,  and  in  patients  receiving  enteral 
feeding,  antacids,  or  hist;miine-2  (H-2)  an- 
tagonists.'"'""*'-'''-'' The  contribution  of 
other  factors,  such  as  duixJeno-gastric  reflux 
and  the  presence  of  bile,  to  gastric  coloniza- 
tion in  patients  with  impaired  intestinal 
motility  has  been  suggested  and  needs  fur- 
ther investigation.'"' 

Bacteria  Ciui  also  gain  entry  into  the  lower 
respiratory  tract  of  hospitalized  patients 
through  inhalation  of  aeR)sols  generated  pri- 
nuirily  by  cont;uninaled  respiratoiy  tlierapy  or 
anesthesia  breathing  equipment.'-''  '-'* 
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Outbreaks  related  to  the  use  of  respiraloiy  ther- 
apy equipment  have  been  associated  with  con- 
taminated nebulizers,  which  are  humidifica- 
tion  devices  that  produce  large  amounts  of 
aerosol  droplets  <  4  /an  via  ultrasound,  spin- 
ning disk,  or  the  Venturi  mechanisjii.'-'''-^'"" 
When  the  fluid  in  the  reservoir  of  a  nebulizer 
becomes  contaminated  with  bacteria,  the 
aerosol  produced  may  contiiin  high  concentra- 
tions of  bacteria  that  c;m  be  deposited  deep  in 
the  patient's  lower  respiratory  tract.'*""-'" 
Because  endotracheal  and  tracheal  tubes  pro- 
vide direct  access  to  the  lower  respiratory  tract 
contaminated  aerosol  inhalation  is  particularly 
hazardous  for  intubated  patients.  In  contrast  to 
nebulizers,  bubble-through  or  wick  humidi- 
fiers mainly  increase  the  water-vapor  (or 
molecular-water)  content  of  inspired  gases. 
Although  heated  bubble-through  humidifiers 
generate  aerosol  droplets,  they  do  so  in  quanti- 
ties that  may  not  be  clinically  significant;'-'"- 
wick  humidifiers  do  not  generate  aerosols. 

Rarely,  bacterial  pneumonia  can  result 
from  hematogenous  spread  of  infection  to 
the  lung  from  another  infection  site,  eg, 
pneumonia  resulting  from  purulent  phlebitis 
or  right-sided  endocarditis.  Another  mecha- 
nism, translocation  of  bacteria  via  the  pas- 
sage of  viable  bacteria  from  the  lumen  of  the 
gastrointestinal  tract  through  epithelial  mu- 
cosa to  the  mesenteric  lymph  nodes  and  to 
the  lung,  has  been  shown  in  animal  mod- 
els.'-"Translocation  is  postulated  to  occur  in 
patients  with  immunosuppression,  cancer, 
or  bums; ' '''  however  data  are  lacking  regard- 
ing this  mechanism  in  humans.'" 

V.  Risk  Factors  and  Control  Measures 

Several  large  studies  have  examined  po- 
tential risk  factors  for  nosocomial  bacterial 
pneumonia  (Table  2).<'-"-'-^'"-''"^  Although 
specific  risk  factors  may  differ  between 
study  populations,  they  can  be  grouped  into 
the  following  general  categories:  (1)  host 
factors  such  as  extremes  of  age  and  severe 
underlying  conditions,  including  immuno- 
suppression; (2)  factors,  such  as  administra- 
tion of  antimicrobials,  admission  to  the  ICU, 
underlying  chronic  lung  disease,  or  coma, 
that  enhance  colonization  of  the  oropharynx 
and/or  stomach  by  microorganisms;  (3)  con- 
ditions favoring  aspiration  or  reflux,  includ- 
ing endotracheal  intubation,  insertion  of  na- 
sogastric tube,  or  supine  position;  (4)  condi- 
tions requiring  prolonged  use  of  mechanical 
ventilatory  support  with  potential  exposure 
to  contaminated  respiratory  equipment 


and/or  contact  with  contaminated  or  colo- 
nized hands  of  health-care  workers;  and  (5) 
factors  that  impede  adequate  pulmonary  toi- 
let, such  as  surgical  procedures  involving 
the  head,  neck,  thorax,  or  upper  abdomen, 
and  immobilization  due  to  trauma  or 
illness."-'-'-"-"-"-'-'-"-'^ 

A.  Oropharyngeal,  Tracheal,  and 
Gastric  Colonization 

The  association  between  colonization  of 
the  oropharynx,**'-'"  trachea,""  or  stom- 
ach""-'"-'"'-' and  predisposition  to 
gram-negative  bacillary  pneumonia  prompt- 
ed attempts  to  prevent  infection  either  by 
prophylactic  local  application  of  antimicro- 
bial agent(s)'^'"*  or  by  utilizing  the  phe- 
nomenon of  local  bacterial  interfer- 
ence.''" '■*-  Although  early  work  suggested 
that  the  former  method,  use  of  aerosolized 
antimicrobials,  could  eradicate  common 
gram-negative  pathogens  from  the  upper 
respiratory  tract,"-'*  superinfection  occurred 
in  some  patients  receiving  this  thera- 


py 
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The  latter  method,  bacterial 


interference  (with  alpha-hemolytic  strepto- 
cocci), has  been  successfully  used  by  some 
investigators  to  prevent  oropharyngeal  colo- 
nization by  aerobic  gram-negative  bacilli.'*" 
However,  the  efficacy  of  this  method  for  use 
in  general  has  not  been  evaluated. 

The  administration  of  antacids  and 
H2-blockers  for  prevention  of  stress  bleed- 
ing in  critically  ill,  postoperative,  and/or  me- 
chanically ventilated  patients  has  been  asso- 
ciated with  gastric  bacterial  overgrowth  in 
many    studies. -i-'-"2-"3-"8-'22-i23.'45  147 

Sucralfate,  a  cytoprotective  agent  that  has 
little  effect  on  gastric  pH  and  may  have  bac- 
tericidal properties  of  its  own,  has  been  sug- 
gested as  a  potential  substitute  for  antacids 
and  H-2  blockers.'""'-'''"The  results  of  clini- 
cal trials  comparing  the  risk  of  pneumonia  in 
patients  receiving  sucralfate  to  that  in  pa- 
tients given  antacids  and/or  H-2  blockers 
have  been  variable."'-"*-'"*^-'*'"'-"  In  most 
randomized  trials,  ICU  patients  receiving 
mechanically  assisted  ventilation  and 
antacids  with  or  without  H-2  blockers  had 
increased  gastric  pH,  high  bacterial  counts 
in  the  gastric  fluid,  and  increased  risk  of 
pneumonia  compared  with  patients  given 
sucralfate."--'"*-'""-'-*'*-'^'  In  one  report  with  a 
large  number  of  study  patients,  the  incidence 
of  early-onset  pneumonia  (occurring  <  4 
days  after  intubation)  did  not  differ  between 
patient  groups,  but  late-onset  pneumonia  oc- 


curred in  5%  of  76  patients  who  received  su- 
cralfate, 16%  of  69  given  antacids,  and  21% 
of  68  who  received  an  H-2  blocker.'''^  On 
the  other  hand,  a  meta-analysis  of  data  from 
eight  earlier  studies'-*^  and  a  later  study  com- 
paring sucralfate  with  ranitidine''^'  did  not 
show  a  strong  association  between  nosoco- 
mial pneumonia  and  drugs  that  raise  gastric 
pH.  Further  comparative  studies  are  under 
way  in  which  bronchoscopy  with  PSB  or 
BAL  is  utilized  for  the  diagnosis  of  pneumo- 
nia. 

Selective  decontamination  of  the  diges- 
tive tract  (SDD)  is  another  strategy  designed 
to  prevent  bacterial  colonization  and  lower 
respiratory  tract  infection  in  mechanically 
ventilated  patients. '''-^"''  SDD  is  aimed  at  pre- 
venting oropharyngeal  and  gastric  coloniza- 
tion with  aerobic  gram-negative  bacilli  and 
Candida  spp.,  without  altering  the  anaerobic 
flora  (Table  3).  A  variety  of  SDD  regimens 
use  a  combination  of  locally  administered 
nonabsorbable  antibiotic  agents  such  as 
polymyxin  and  an  aminoglycoside  (to- 
bramycin, gentamicin,  or.  rarely,  neomycin) 
or  a  quinolone  (norfloxacin  or  ciprofloxacin), 
coupled  with  either  amphotericin  B  or  nys- 
tatin. The  local  antimicrobial  preparation  is 
applied  as  a  paste  to  the  oropharynx  and 
given  orally  or  via  the  nasogastric  tube  four 
times  a  day.  In  addition,  in  many  studies,  a 
systemic  (intravenous)  antimicrobial  such  as 
cefotaxime  or  trimethoprim  is  administered 
to  the  patient. 

While  most  clinical  trials,'-'^-^'-'^'*-"'"-"'''- 
169.170.175-177  including  two  meta-analy- 
ses.'"-''" of  SDD  have  demonstrated  a  de- 
crease in  the  rates  of  nosocomial  respiratory 
infections,  these  trials  have  been  difficult  to 
assess  because  they  have  differed  in  study 
design  and  population,  and  many  have  had 
short  follow-up  periods  (Table  3).  In  most  of 
these  studies,  the  diagnosis  of  pneumonia 
was  based  on  clinical  criteria;  bronchoscopy 
with  BAL  or  PSB  was  used  in  only  a  few 

StudieS.'59-l«.173.l75-177.170 

Two  recently  published  large 
double-blind,  placebo-controlled  trials 
demonstrated  no  benefit  from  SDD."*-'"  In 
one.  a  large  French  multicenter  study  by 
Gastinne  et  al,  a  significant  decrease  in  inci- 
dence of  gram-negative  bacillary  pneumonia 
was  not  accompanied  by  a  decrease  in  pneu- 
monia from  all  causes."'  In  the  other  study,  by 
Hammond  et  al,  no  differences  were  noted  be- 
tween patients  randomized  to  SDD  or  to 
placebo;  however,  both  patient  groups  re- 
ceived intravenous  cefotaxime.  "■" 
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Table  2.     Risk  Factors  and  Suggested  Infection  Control  Measures  for  Prevention  of  Nosocomial  PneunK)nia 


Risk  Factors 


Infection  Control  Measures  Suggested  to  Prevent  Nosocomial  Pneumonia 


Bacterial  Pneumonia 

Host-Related  Age  >G5  Years 
Underlying  illness: 
Chronic  Obstmctive  IHilnionarj'  Disease  (COPD) 

Immunosuppressidn 

Depressed  consciousness 
Surgery  (thoracic/abdominal) 
Device-Related 

Endotracheal  intubation  and  mechanical  ventilatioi 


Nasogastric  tube  (NCIT)  placement  and  enteral 
feeding 
Personnel-  or  Procedure-Related 
Cross-contamination  by  hands 

Antibiotic  administration 
Legionnaires'  Disease 

Host-Related 

Immunosuppression 
Device-Related 

Contaminated  aerosol  from  devices 


P^nvironment-Related 
Aerosols  from  contaminated  water  supply 

Cooling-tiiwcr  draft 
Aspergillosis 
Host-Related 

Severe  granulocyloiK-nia 

Kiivironmi-nl-Rrlalcd 
Conslruclion  activilv 


Other  environmental  sources  of  aspergilli 
Respiratory  Syncytial  Virus  Infection 

Host-Relalcd 
Age  (■  2  Years:  Congenital  I'lilnionan'/Cardiac 
Disease,  Imniunosuppression 

Personnel-  or  Procedure-Related 
Cross-contaminalion  by  hands 

Influeny^ 

Host-Related 

Age    -(if)  years.  Iniinunosupprission 

P.-rsoiuirl  Ri'lalcd 
Infected  personnel 


Perform  incentive  spirometry;  positive  end  expiratory  pn>ssure  or  continuous  positive  airway 
pressure  by  face  mask. 

Avoid  exposure  to  potential  nosocomial  pathogens;  decrease  duration  of  immunosuppression, 
such  as  by  administration  of  granulocyte  macrophage  colony  stimulating  factor  (GMCSF). 
Administer  central  nervous  system  depressants  cautiously. 
Properly  position  patients;  proinote  early  ambulation;  appropriately  control  pain 
Properly  clean,  sterilize  or  disinfect,  and  handle  devices;  remove  devices  as  soon  as  the 
indication  for  their  use  ceases. 

Ciently  suction  secretions;  place  patient  in  semirecumbent  position,  ie,  30"  to  45"  head- 
elevation:  use  nonalkalinizing  gastric  cytoprotective  agent  on  patients  at  risk  for  stress 
bleeding;  do  not  routinely  change  ventilator  circuits  more  often  than  every  48  hours;  drain  and 
discard  inspiratory-tubing  condensate,  or  use  heat-moisture  exchanger  if  indicated. 
Routinely  verify  appropriate  tube  placement;  promptly  remove  NGT  when  no  longer  needed. 
Drain  residual;  place  patient  in  semirecumbent  position  as  described  above. 

Educate  and  train  personnel:  wash  hands  adequately  and  wear  gloves  appropriately;  conduct 

surveillance  for  cases  of  (ineumonia.  and  give  feedback  to  personnel. 

Use  antibiotics  prudently,  especially  on  high-risk  intensive-care  unit  (ICU)  patients. 


Decrease  duration  of  iniiiiunosuppression. 

Sterilize/disinfect  aerosol-producing  devices  before  use;  use  only  sterile  water  for  respiratory 
humidifying  devices;  do  not  use  cool-mist  room-air  "humidifiers"  without  adequate 
sterilization  or  disinfection. 

Hyperchlorinate  or  superheat  hospital  water  system;  routinely  maintain  water-supply  system; 
consider  use  of  sterile  water  for  drinking  by  immunosuppressed  patients. 
Properly  design,  place,  and  maintain  cooling  towers. 


Decrease  duration  of  immunosuppression,  such  as  by  administration  of  CiMCSK;  place 
patients  with  severe  and  prolonged  granulocvlopenia  in  protected  environment. 

Remove  granulocyto|)enic  patients  from  vicinity  of  construction;  if  not  already  done,  place 
severely  granulocyto|)enic  patients  in  protected  environment;  make  severely 
granulocytopenic  patients  wear  a  mask  when  they  leave  their  protected  environment. 
Routinely  maintain  hospital  air-handling  system  and  rooms  of  immunosuppressed  patients. 


Consider  routine  preadmission  scii-ening  of  patients  at  high-risk  for  seven-  RSV  infection, 
followed  by  cohorting  of  patients  and  nursing  personnel  during  hospital  outbreaks  of  RSV 
infection. 

lulucate  pers(innel;  wash  hands;  wear  gloves:  wear  a  gown:  during  outbreaks,  use  private 
rooms  or  cohort  patients  and  nursing  [x-rsonnel.  and  limit  visitors 
Place  infected  patients  in  private  rooms  or  cohort  them 

Vaccinate  high  risk  patieriN  l)elorr  Ihe  inllucn/a  season  each  year;  use  amantadine  or 
rim.intadine  fur  chemopmpliyl.ixis  doling  an  outbreak. 

Hefore  llu-  inlluenza  season  each  year,  vaccinate  personnel  caring  for  high  risk  patients:  use 
amantadine  or  rimantadine  for  prophylaxis  during  an  outbreak 
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Table  3.     Controlled  Studies  on  Nosocomial  Lower  Respiratory  Tract  Infections  and  Other  Associated  Outcomes  of 
Selective  Decontamination  of  the  Digestive  Tract  in  Adult  Patients  with  Mechanically  Assisted  Ventilation 


Colonizalion  or 

Infection  with 

Lower  Respiratory 

Tract  Infection 

Resistant* 

Microorganisms^ 

SDDt^        Controls 

Overall  Mortality 
In  Hospital 

MeanT 
of  Da 
SDD' 

otal  Number 

Diagnostic 

Infection  Rate 
SDDi^     Controls 

ys  in  ICU"^ 

SDD"      Controls 

Controls 

Author 

Study  Patients 

Method 

(%) 

(.9c) 

(%)              (%) 

(7c)             (7c) 

Stoutenbeek'" 

Trauma;  SDD  =  63 

Clinical  & 

8 

59 

"No  increase" 

3                 8 

Not 

reported 

(1984) 

controls  =  59 

radiologic;'  TS 
culture'' 

Unertl'^"  (1987) 

General  ICU; 
SDD  =  19: 
controls  =  20 

Clinical  & 
radiologic''- 

21 

70 

21<'             20'' 

26              30 

18H 

23" 

Kerveri'^'  (1988) 

Surgical  ICU; 
SDD  =  49; 

controls  =  47 

Clinical  & 
radiologic"^ 

12 

85 

"Not  recorded" 

29:IR'  =  4  32:IRi  =  17 

17 

20 

Ledingham'""" 

General  ICU; 

Clinical  & 

2 

11 

"No  increase" 

24               24 

Not 

reported 

(1988) 

SDD  =  163; 
controls  =  161 

radiologic"^ 

Brun-Buisson'^-' 

Medical  ICU; 

Clinical  & 

20 

22 

3''              16'' 

22:IRi  =  9  24;IRi  =  10 

14 

15 

(1989) 

SDD  =  36; 
controls  =  50 

radiologic:"  TS  & 
PSB  culture" 

Ulrich"*'  (1989) 

General  ICU; 
SDD  =  48; 
controls  =  52 

Clinical  & 
radiologic:'^  TS 
culture^ 

15 

50 

GP=78l     GP  =  44J 
GN  =  3'      GN  =  2J 

31:IR'  =  0  54:IRi-15 

17 

13 

Flahertyi"'  (1990)  Cardiac  surgery 

Clinical  & 

2 

9 

GN  =  22''   GN  =  21' 

0                2 

Not 

reported 

ICU;  SDD  =  51; 

radiologic'' 

controls  =  56 

Godard"'-  (1990) 

Genera)  ICU; 
SDD  =  97; 
controls  =  84 

Clinical  & 
radiologic:^-  TS  & 
PSB  culture"' 

2 

15 

GN  =  15)    GN  =  1.5i 

12               18 

U 

16 

McClelland'"' 

Renal  &  respiratory  TS  culturei^ 

7 

50 

Not  reported 

60:IR'  =  27  58:1R'  =  8 

Not 

reported 

(1990) 

failure;  SDD  =  15; 
controls  =  12 

Rodriquez- 

General  ICU: 

Clinical  & 

Pn  =  0'< 

Pn  =  73"< 

"None  noticed" 

30:IRi  =  0  33:IR'=13 

Not 

reported 

Roldan'w  (1990) 

SDD  =  13; 
controls  =  15 

radiologic;"  TS 
culture" 

TB  =  23K 

TB  =  20'< 

Tetteroo'""'  (1990)  Esophageal 

Clinical  & 

2 

14 

9(.                     4C. 

5:IRi  =  4    4;IRi  =  0 

6 

5 

resection; 

radiologic;"  culture 

SDD  =  56; 

of  bronchial  aspirate 

controls  =  56 

Aerdts"*  (1991) 

General  ICU: 

Clinical  & 

6 

A  =  78; 

"Not  Observed" 

12:IR'  =  6     A  =  22; 

23 

A  =  30: 

SDD  =  17;  controls- 

radiologic:"  TS 

B  =  62 

IR'-ll: 

B  =  25 

A=I8i;controls- 

culture'' 

B  =  10; 

B  =  21' 

IR'  =  0 

Blair'"'  (1991) 

General  \CV: 
SDD  =  126; 
controls  =130 

Clinical  & 
radiologic" 

10 

35 

"No  evidence  of 
increased  resistance' 

14               19 

8 

H 

Fox'*  (1991) 

Cardiac  bypass; 
SDD  =12; 
controls  =  12 

TS  culture" 

66 

50 

Not  reported 

17               66 

12 

12 

Hartenauer'"" 

Surgical  ICU 

Clinical  & 

10 

46 

S  =  34'';      S  =  33''; 

38IRi  =  8  35;  IRi  =  21 

12 

13 

(1991) 

/CC-i;  SDD  =  50; 
controls  =  61 

radiologic;''  TS 
culture" 

GN  =  0''     GN  =  0'' 

/a'-:';  SDD  =  49; 

10 

45 

S  =  37;''      S  =  37;'' 

31:IRi-6  43:IR'  =  25 

13 

17 

controls  =  40 

GN  =  0''     GN  =  0'' 
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Table  3  (continued)  Controlled  Studies  on  Nosocomial  Lower  Respiratory  Tract  Infections  and  Other  Associated 
Outcomes  of  Selective  Decontamination  of  the  Digestive  Tract  in  Adult  Patients  with  Mechanically 
Assisted  Ventilation 


Author 

Study  Patients 

Method 

Pugin'""  (1991) 

Surgical  ICU; 

Clinical  & 

SDD  =  25; 

radiologic;^-  TS 

controls  =  27 

culture '^^ 

Vandenbroucke- 

ICUs  (pooled 

Clinical  & 

Grauls'''  (1991) 

data);"  SDD- 

radiologic;"^  TS 

A  =  488;controIs-A 

culture  1^ 

(historical)  =  540; 

SDD-B= 225: 

controls-B 

(random)  =  266 

Cockerill'^- 

Surgical  and 

Clinical  & 

(1992) 

medical  ICUs; 

radiologic;''  TS 

SDD  =  75; 

culture"^^ 

controls  =  75 

GasUnnei~'  (1992)Medical  ICU; 

Clinical  & 

SDD  =  220; 

radiologic;' 

controls  =  225 

TS  ±  PSB  cuIture'^ 

Hammond''^ 

General  ICU; 

Clinical  & 

(1992) 

SDD  =  114; 

radiologic;"^  TS 

controls  =  125 

culture' 

Rocha'"^  (1992) 

General  ICU; 

Clinical  & 

SDD  =  47; 

radiologic;' 

controls  =  54 

TS  ±  BAL  culture" 

Winter'''^  (1992) 

General  ICU; 

Clinical  & 

SDD  =  91;c-o;)(r();- 

radiologic;'  BAL 

^  =  84;  contrul- 

culture' 

B  =  92 

Korinek'''  (1993)  Neurosurgical  ICU 

Clinical  & 

SDD  =  63; 

Radiologic;'  TS  & 

controls  =  60 

PSB  culture' 

SDDTrialists''" 

ICUs  (pooled 

Variable 

(1993) 

data);^'SDU  =  2(J4' 
controls  =  2U95 

Ferrer''"  (1994) 

Respiratory  ICU; 

Clinical  & 

SDU  =  39; 

radiologic;'  TS  + 

controls  =  41 

PSB  or  BAL 
culture'   ±  autopsy 
histology 

Lower  Respiratory  Tract  Infection 
Infection  Rate 
Diagnostic  SDD"        Controls 

(%)  (<7c) 


Colonization  or 

Infection  with 

Resistant* 

Microorganisms^ 

SDD"       Controls 

(<7r)  (%) 


Overall  Mortality 
In  Hospital 
SDD"       Controls 

(%)  (70 


Mean  Total  Number 

of  Days  in  ICU^ 
SDD"      Controls 


16  78  "No  new  antibiotic  28  26  13  15 

resistance" 

A  =  7;        A  =  28;         "No  increase  in         A  =  25;        A  =  26;  Not  reported 

B  =  8         8  =  45  resistant  B  =  21         8  =  26 

microorganisms  in  10 
of  11  studies" 


Pn  =  5'<;     Pn  =  16'<;         16"  llJ  15  21  10  12 

TB  =  4'^      TB  =  5'< 


12  15  Not  reported  40;  34"^       36;  34'"'  18  19 


Pn  =  15;''^    Pn  =  15;'^         Not  reported"  18;  IR'  =  6  17;  IR'  =  6  16  17 

Br  =  6'<       Br  =  6''^ 

26  63         GP  =  62;J    GP  =  38;J  21;  IR'  =  2  44;  IR'  =  20  19  18 

GN  =  43'    GN  =  3()' 

3  A=ll;  l-Sl         A=1-7;J  36  A  =  43;  6  A  =  7; 

B  =  23  B=1-17J  B  =  43  B  =  8 


24  42  "No  evidence  of  8  7  24  29 

increased  resistance" 

Odds  ratio  =  0.37;''  Not  analyzed  27  29  Not  analyzed 

CI,  r",  0.31-0.43  Odds  ratio  =  0.90; 

CI.,,;J.  0.79-1.04 
18  24  Not  reported"'  31  27  Not  reported 


^  Krsislam  lu  at  ifast  one  anlimunibuil  in  llir  SDl)  rej;iiiu-ii 

'*  DurinK  the  study  period 

^  Id'  =  intensive  care  unit 

"  SDI)  -  selective  (liKesIive  tract  dfcitntaniinalion 

'  Clinical  criteria  included  ti-mperalure     '.iXX.  purulent  bronchcirrhea.  WBC  >(12,000-l.').0<)ll/nHii '),  Ka(li(]l(iKii-  criterion  was  ovid. 

"  TS  =  tracheal  secretions:  INK  =  proiecledspecinien  brushing;  BAl.  =  broncho-alveolar  lavaKe 

'•  PercentaRr  ol  patients  infected  or  Cl^loni«•d  with  ftrani-posilive  ((IP)  and/or  KranineKative  bacillary  (C.N)  orKanisnisal  any  body  site;  (IP  =  percentane  uf  patieins  i 

or  colonized  with  (jrani-positive  orcanisnis  al  any  body  site;  CiN  =  percenlaK'e  of  patients  infected  or  colonized  with  Rranvnegalive  bacillary  organisms  at  any  body 

S  -  Percenlage  of  patients  with  coaKulase-neKative  staphylococcal  infection  or  colonization 
"  Median 

'  IK     Infecti(.n-related 

'  Percentage  of  isolates:  (IP     perci-niaci-  of  Krani-positive  isolates;  (JN  -  percentaKc  ol  >;raninenalivi-  bacillar\'  isolates 
^  Pn  -  pneumonia:  TH  -  trache4>-bronchial  infection:  Hr  =  bronchial  infection 

clinical  inleclion(s).  (.imlrolH  -  patients  Kivcn  cephalosporin  (cephadrine.  celuro) 


.'  of  new  and  pn)Kressivf  i 


rale(s) 
niected 


'  Conlrol-A  =  patients  xiven  penicillin  (anipicillin 
ce(olaxime)  for  clinical  infection(s) 

^'  Meta-analysis 

NnlClI 

"  However,  at  4  weeks,  V.n.  and  r,x.  resiM-divi'ly. 
enterococci. 

''  Computed  usinu  data  from  :t.M;iii  patients  and  .' 

*'  CI., ,  =  y.'j'Xi  confidence  interval 

"  However.  MRSA  bninchial  coloni/aiion  occurri 


,  piperacillin,  or  fluctoxacil 


opharynneal  cultures  of  SDI)  : 


.  L'laiin  SDl).  and. ■)()!) 


id  coiurol  patients  had  MKSA.  and  ■ll'( 
onlrol  patients 


ol  SDI)  and  control  patients  were  colonized  with 
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Although  an  earlier  meta-analysis  sug- 
gested a  trend  toward  decreased  inortahty  in 
patients  given  SDD,'''  a  more  recent  and 
more  extensive  analysis  highlights  the 
equivocal  effect  of  SDD  on  patient  mortali- 
ty, as  well  as  the  high  cost  of  using  SDD  to 
prevent  pneumonia  or  death  (ie,  in  order  to 
prevent  one  case  of  nosocomial  pneumonia, 
or  one  death  due  to  nosocomial  pneumonia, 
6  [range:  5-9]  or  23  [range:  13-39]  patients, 
respectively,  would  have  to  be  given 
SDD)."**  Furthermore,  there  are  concerns 
over  the  development  of  antimicrobial  resis- 
tance and  superinfection  with  gram-positive 
bacteria  and  other  antibiotic-resistant  noso- 
comial pathogens. "«''5«- ""■""■ '"■'«»  Thus, 
cuiTently  available  data  do  not  justify  the 
routine  use  of  SDD  for  prevention  of  noso- 
comial pneumonia  in  ICU  patients.  SDD 
may  be  ultimately  useful  for  specific  subsets 
of  ICU  patients,  such  as  those  with  trauma  or 
severe  immunosuppression,  eg,  bone-marrow 
transplant  recipients. 

A  new  approach  advocated  to  prevent 
oropharyngeal  colonization  in  patients  re- 
ceiving enteral  nutrition  is  to  reduce  bacterial 
colonization  of  the  stomach  by  acidifying  the 
enteral  feed."*'  Although  the  absence  of  bac- 
teria from  the  stomach  has  been  confirmed  in 
patients  given  acidified  enteral  feeding,  the 
effect  on  the  incidence  of  nosocomial  pneu- 
monia has  not  been  evaluated."*' 

B.  Aspiration  of  Oropharyngeal  and 
Gastric  Flora 

Clinically  significant  aspiration  usually 
occurs  in  patients  who  have  one  or  more  of  the 
following  conditions:  a  depressed  level  of 
consciousness;  dysphagia  due  to  neurologic  or 
esophageal  disorders:  an  endotracheal  (naso- 
or  orotracheal),  tracheostomy,  or  enteral 
(naso-  or  orogastric  tube)  in  place,  and  receipt 
of  enteral  feeding."*''*-''"*-""*  Placement  of  an 
enteral  tube  may  increase  nasopharyngeal  col- 
onization, cause  reflux  of  gastric  contents,  or 
allow  bacterial  migration  via  the  tube  from  the 
stomach  to  the  upper  airway."*'"*""*  When 
enteral  feedings  are  administered,  gross  con- 
tamination of  the  enteral  solution  during 
preparation"""''"  and  elevated  gastric 
pH^" '■'-''"  may  lead  to  gastric  colonization 
with  gram-negative  bacilli.  In  addition,  gastric 
reflux  and  aspiration  may  occur  because  of  in- 
creased intragastric  volume  and  pres- 

SUre  70.117.183 

Prevention  of  pneumonia  in  such  pa- 
tients may  be  difficult,  but  methods  that 


make  regurgitation  less  likely  (for  example, 
placing  the  patient  in  a  semirecumbent  posi- 
tion by  elevating  the  head  of  the  bed  and 
withholding  enteral  feeding  when  the  resid- 
ual volume  in  the  stomach  is  large  or  if 
bowel  sounds  are  not  heard  upon  ausculta- 
tion of  the  abdomen)  may  be  benefi- 
gjjjl  i85.ii)4-i')7  Q,.,  jj^g  other  hand,  administer- 
ing enteral  nutrition  intermittently  in  small 
boluses  rather  than  continuously;'"  '■"  using 
flexible,  small-bore  enteral  tubes;"*'' '"**  or 
placing  the  enteral  mbe  below  tlie  stomach 
(eg,  in  the  jejunum''*''-"")  have  yielded 
equivocal  results. 

C.  Mechanically  Assisted  Ventilation  and 
Endotracheal  Intubation 

Patients  receiving  continuous,  mechani- 
cally assisted  ventilation  have  6-21  times  the 
risk  of  developing  nosocomial  pneumonia 
compared  with  patients  not  receiving  ventila- 
tory support.*^*''''"  Data  from  the  study  by 
Fagon  and  co-workers  indicate  that  the  risk 
of  developing  ventilator-associated  pneumo- 
nia increases  by  1%  perday.^  This  increased 
risk  is  partly  due  to  carriage  of  oropharyngeal 
organisms  upon  passage  of  the  endotracheal 
tube  into  the  trachea  during  intubation,  as 
well  as  to  depressed  host  defenses  secondary 
to  the  patient's  severe  underlying  ill- 
ness."-^-"-"' In  addition,  bacteria  can  aggre- 
gate on  the  surface  of  the  tube  over  time  and 
form  a  glycocalyx  (biofilm)  that  protects  the 
bacteria  from  the  action  of  antimicrobial 
agents  or  host  defenses.-"-  Some  investiga- 
tors believe  that  these  bacterial  aggregates 
may  become  dislodged  by  ventilation  flow, 
tube  manipulation,  or  suctioning  and  subse- 
quently emboUze  into  the  lower  respiratory 
tract  and  cause  focal  pneumonia.-"*-""" 
Removing  tracheal  secretions  by  gentle  suc- 
tioning and  using  aseptic  technique  to  reduce 
cross-contamination  to  patients  from  con- 
taminated respiratory  therapy  equipment  or 
contaminated  or  colonized  hands  of  person- 
nel have  been  utilized  traditionally  to  help 
prevent  pneumonia  in  patients  receiving  me- 
chaiiically  assisted  ventilation. 

The  risk  of  pneumonia  is  also  increased 
by  the  direct  access  of  bacteria  to  the  lower 
respiratory  tract,  often  because  of  leakage 
around  the  endotracheal  tube  cuff,'*''-"'* 
which  allows  pooled  secretions  above  the 
cuff  to  enter  the  trachea.-'"'  In  one  recent 
study,  the  occurrence  of  nosocomial  pneu- 
monia was  delayed  and  decreased  in  intubat- 
ed patients  whose  endotracheal  tubes  had  a 


separate  dorsal  lumen  that  allowed  drainage 
(by  suctioning)  of  secretions  in  the  space 
above  the  endotracheal  tube  cuff  and  below 
the  glottis.-'"'  However,  furtlier  sUidies  are 
needed  to  determine  the  cost-benefit  ratio  of 
using  this  device. 

D.  Cross-Colonization  Via  Hands  of 
Personnel 

Pathogens  causing  nosocomial  pneumo- 
nia, such  as  gram-negative  bacilli  and 
Staphylococcus  aureus,  are  ubiquitous  in  the 
hospital,  especially  in  intensive  or  critical 
care  areas.-"'-""  Transmission  of  these  mi- 
croorganisms to  patients  frequently  occurs 
via  health-care  workers'  hands  that  become 
contaminated  or  transiently  colonized  with 
the  microorganisms.-"''-'^  Procedures  such 
as  tracheal  suctioning  and  manipulation  of 
ventilator  circuit  or  endotracheal  tubes  in- 
crease the  oppominity  for  cross-contamina- 
tion.-'''-"' The  risk  of  cross-contamination 
can  be  reduced  by  using  aseptic  technique 
and  sterile  or  disinfected  equipment  when 
appropriate*"^  and  by  eliminating  pathogens 
from  the  hands  of  personnel.^''-'^-"-" 

In  theory,  adequate  handwashing  is  an 
effective  way  of  removing  transient  bacteria 
firom  the  hands,-'"-'''  but  personnel  compli- 
ance with  handwashing  has  been  generally 
poor.--""--'  For  this  reason,  the  routine  use  of 
gloves  has  been  advocated  to  help  prevent 
cross-contamination.--"'--"'*  Routine  gloving 
(in  addition  to  gowning)  was  associated 
with  a  decrease  in  the  incidence  of  nosoco- 
mial respiratory  syncytial  virus  (RSV)--* 
and  other  ICU  infections.--'  However,  noso- 
conrial  pathogens  can  colonize  gloves,--" 
and  outbreaks  have  been  traced  to  health- 
care workers  who  did  not  change  gloves 
after  contact  with  one  patient  and  before 
providing  care  to  another.--''-'"  In  addition, 
gloved  hands  may  get  contaminated  via 
leaks  in  the  gloves.-" 

E.  Contamination  of  Devices  Used  on  the 
Respiratory  Tract 

Devices  used  on  the  respiratory  tract  for 
respiratory  therapy  (eg,  nebulizer),  diagnos- 
tic examination  (eg,  bronchoscope  or 
spirometer),  or  administration  of  anesthesia 
are  potential  reservoirs  or  vehicles  for  infec- 


tious microorganisms.' 


Routes  of 


transmission  may  be  from  device  to  pa- 
tient,'^■'■'^'■-^''■^''''  from  one  patient  to 
another,^^-^''*  or  from  one  body  site  to  the 
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lower  respiralor>'  tract  of  the  simie  patient 
via  hand  or  device.- "■-^^-^''  Contaminated 
resenoirs  of  aerosol-producing  devices,  eg. 
nebulizers,  can  allow  the  growth  of  hy- 
drophilic  bacteria  that  may  be  subsequently 
aerosolized  during  device  use.'-'''-"""'^- 
Gram-negative  bacilli  such  as  Psetulomunus 
spp..  Xciiilhumoinis  spp..  FUivohacferiiim 
spp.,  U'fiioiu'lld  spp..  and  nontiiberculous 
mycobacteria  can  multiply  to  substantial 
concentrations  in  nebulizer  fluid--"  -"'''-'^'  and 
increase  the  device-user's  risk  of  acquiring 
pneumonia.'-'""--"---'--"-''-' 

Proper  cleaning  and  sterilization  or  disin- 
fection ot  reusable  equipinent  are  important 
components  of  a  prognun  to  reduce  infections 
asscK'iated  with  respiratory  therapy  and  anes- 
thesia equipment,--"--"---"---*'---'----''-^-'''*  Many 
devices  or  parts  of  devices  used  on  the  respira- 
tor)' mict  ha\  e  been  categorized  as  semicritical 
in  the  Spaulding  classification  system  for  ap- 
propriate sterilization  or  disinfection  of  medi- 
cal devices  because  tliey  come  into  direct  or 
indirect  contiict  with  mucous  membranes  but 
do  not  ordinarily  penetrate  body  suifaces  (See 
Appendix  A),  and  tiie  associated  infection  risk 
follow  ing  tlie  use  of  these  devices  in  patients  is 
less  than  tliat  associated  with  devices  that  pen- 
etrate nonnally  sterile  tissues.-'""  Thus,  if  it  is 
not  possible  or  cost-effective  to  sterilize  these 
devices  by  steam  autoclave  or  ethylene 
oxide.-'"'  they  can  be  subjected  to  high-level 
disinfection  by  pasteurization  at  V.'S  C  for  .^0 
inin.*- -''^  or  by  using  liquid  chemical  disin- 
fectants approved  by  the  Environmental 
Protection  Agency  (EPA)  as  sterilants/disin- 
fectants  and  cleared  for  marketing  for  use  on 
medical  instruments  by  the  F(kx1  and  Dnig 
Administration.--'' -'''•^■^* 

When  rinsing  is  needed  (to  remove 
residual  liquid  chemical  sterilant/disinfec- 
lant)  after  a  respiratory  device  has  been 
chemically  disinfected,  sterile  water  has 
been  preferred  because  tap  or  locally  pre- 
pared distilled  water  may  harbor  microor- 
ganisms that  can  cause  pneumo- 
nia.-*' -'*'-''"  -'-  In  some  hospitals,  a  tap-water 
rinse  followed  by  air-drying  with  or  without 
an  alcohol  rinse  (to  hasten  drying)  is  used.'" 
In  theory,  if  complete  drying  is  achieveil  lol 
lowing  a  tap- water  rinse,  the  risk  of  nosoco 
mial  pneumonia  asstKiated  with  the  use  ol 
the  device  is  probably  low.  Drying  has  been 
shown  to  lower  the  level  of  microbial  con- 
tamination of  gastrointestinal  endoscopes 
and  washed  hands.-'  -"'  However,  many 
semicritical  items  used  on  the  respiratory 
tract  (eg,  corrugated  tubing,  jet  or  ultrasonic 


nebulizers,  bronchoscopes)  ;u"e  ditficult  to 
dry  and  the  degree  of  dryness  of  a  device  is 
dilTicult  to  assess.-''''  Data  are  lacking  re- 
garding the  safety  of  routinely  using  tap 
water  for  rinsing  (followed  by  drying) 
leusable  semicritical  respiratory  devices 
after  their  disinfection  or  between  their  uses 
on  the  same  patient. -■'-■-^'*-"--'' 

I.  Mechanical  Ventilaturs,  Breathing 
Circuits,  Humidifiers.  Heat-Moisture 
Exchangers  and  In-Line  Nebulizers 

a.  Mechanical  venlilators.  The  internal 
machinery  of  mechanical  ventilators  used  for 
respiratory  therapy  is  not  considered  an  im- 
portant source  of  bacterial  contamination  of 
inhaled  gas.-™  Thus,  routine  sterilization  or 
high-level  disinfection  of  the  internal  ma- 
chinery is  considered  unnecessary.  Using 
high-efficiency  bacterial  filters  at  various  po- 
sitions in  the  ventilator  breathing  circuit  had 
been  advocated  previously.-'''  '*'  Filters  inter- 
posed between  the  machinery  and  the  main 
breathing  circuit  can  eliminate  cont;uiiinants 
from  the  driving  gas  and  prevent  retrograde 
contamination  of  the  machine  by  the  patient 
but  may  also  alter  the  functional  specifica- 
tions of  the  breathing  device  by  impeding 
high  gas  flows.-'''  -•*'  Placement  of  a  filter  or 
condensate  trap  at  the  expiratory-phase  tub- 
ing of  the  mechanical-  ventilator  circuit  may 
help  prevent  cross-contamination  of  the  ven- 
tilated patient's  immediate  environ- 
ment.--"-"- but  the  iniportance  of  such  filters 
in  preventing  nosocomial  pneumonia  needs 
further  evaluation. 

b.  Breathing  circuits,  humidifiers,  and 
lieat-moisture  exchangers.  Most  U.S.  hospi- 
tals currently  use  ventilators  with  either  bub- 
ble-through or  wick  humidifiers  that  pro- 
duce either  insignificant"--*"  or  no  aerosols, 
respectively,  for  humidification.  Thus,  they 
do  not  seem  to  pose  an  important  risk  for 
pneumonia  in  patients.  In  addition, 
bubble-through  humidifiers  ;ire  usually  heat- 
ed to  temi^eratures  that  reduce  or  eliminate 
bacterial  pathogens.-'*'  -'''  Sterile  water,  how- 
ever, is  still  generally  used  to  fill  these  hu- 
midifiers-"^ because  tap  or  distilled  water 
may  harbor  microorganisms,  such  as 
h'gionelld  spp.,  that  are  more  heat-resistant 
than  other  bacteria.-''-  -" 

The  potential  risk  for  pneiunonia  in  pa- 
tients using  mechanical  ventilators  with 
heated  bubble-through  humidifiers  stems 
[irimarily  from  the  condensate  that  forms  in 
(he  inspiratory-phase  tubing  of  the  \enlila- 
tor  circuit  as  a  result  of  the  difference  in  the 


temperatures  of  the  inspiratt)ry-phase  gas 
and  ambient  air:  condensate  formation  in- 
creases if  the  tubing  is  unheated.-"''  The  tub- 
ing and  condensate  can  rapidly  become 
contaminated,  usually  with  bacteria  that 
originate  from  the  patient's  oropharynx.-'*'' 
In  the  study  by  Craven  et  al,  33%  of  inspira- 
tory circuits  were  colonized  with  bacteria 
from  patients'  oropharynx  within  2  hours 
and  80%  within  24  hours  of  u.se.-"''  Spillage 
of  the  contaminated  condensate  into  the  pa- 
tient's tracheobronchial  tree,  as  can  occur 
during  procedures  in  which  the  tubing  may 
be  moved  (eg.  suctioning,  adjusting  the 
ventilator  .setting,  or  feeding  or  caring  for 
the  patient),  may  increase  the  risk  of  pneu- 
monia in  the  pafient.-*"'  Thus,  in  many  hos- 
pitals, health-care  workers  are  trained  to 
prevent  such  spillage  and  to  drain  the  fluid 
periodically.  Microorganisms  contaminat- 
ing ventilator-circuit  condensate  can  be 
transmitted  to  other  patients  via  hands  of  the 
health-care  worker  handling  the  fluid,  espe- 
cially if  the  health-care  worker  fails  to  wash 
his  or  her  hands  after  handling  the  conden- 
sate. 

The  role  of  ventilator-tubing  changes  in 
preventing  pneumonia  in  patients  using  me- 
chanical ventilators  with  bubble-through  hu- 
midifiers has  been  investigated.  Initial  smd- 
ies  of  in-use  contamination  of  mechanical 
ventilator  circuits  with  humidifiers  have 
shown  that  neither  the  rate  of  bacterial  con- 
tamination of  inspiratoiy-phase  gas  nor  the 
incidence  of  pneumonia  was  significantly 
increased  when  tubing  was  changed  every 
24  hours  rather  than  every  8  or  16  hours.-"' 
Craven  et  al  later  showed  that  changing  the 
ventilator  circuit  every  48  hours  rather  than 
24  hours  did  not  lesult  in  an  increase  in  con- 
tamination of  the  inspiratory-phase  gas  or 
tubing  of  the  ventilator  circuits.-*"*  In  addi- 
tion, the  incidence  of  nosocomial  pneumo 
nia  was  not  significantly  higher  when  cir- 
cuits were  changed  every  48  hours  than 
when  changes  were  done  e\ery  24  hours.-"'* 
Moie  lecent  repoiis  suggest  that  tlie  risk  of 
pneumonia  may  not  increase  when  the  inter- 
\al  for  circuit  change  .'s  prolonged  beyond 
48  hours.  Dreyfuss  and  others  showed  that 
(he  risk  of  pneumonia  (8  [299;  j  of  28)  was 
luil  significantly  higher  when  the  circuits 
weie  never  changed  for  the  duration  of  use 
bs  the  patient,  than  (II  |3 1  '/f  j  of  3.'i)  when 
the  circuits  wer-e  changed  every  48  hours.-"" 

These  findings  indicate  that  the  recom- 
mended ilaily  change  in  ventilator  circuits 
may  be  extended  to  >  48  hours.  This  change 
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in  reconiniendation  is  expected  U)  result  in 
large  savings  in  device  use  and  personnel  time 
for  U.S.  hospitals.-*-''-'*  The  maxinuini  time, 
however,  that  a  circuit  can  be  safely  left  un- 
changed on  a  patient  has  yet  to  be  detennined. 

Condensate  formation  in  the  inspir- 
atory-phase  tubing  of  a  ventilator  bneatliing 
circuit  can  be  decreased  by  elevating  the  tem- 
perature of  the  inspiratory-pha.se  gas  witli  a 
heated  wire  in  the  inspiratory-phase  tubing. 
However,  in  one  report,  three  cases  of  endo- 
tracheal- or  tracheostomy-tube  blcKkage  by 
dned-up  patient  secretions  were  attributed  to 
the  decrease  in  the  relatise  humidity  of  in- 
spired gas  that  results  from  the  ele\  ation  of  the 
gas  temperature.^'  Until  ftiitlier  data  ;ire  avml- 
able  about  the  fi^quency  of  tlie  occum;nce  of 
such  cases,  users  of  heated  ventilator  tubing 
should  be  aware  of  the  advantages  ;uid  poten- 
tial comphcations  of  using  heated  tubing. 

Condensate  fomiation  can  be  eliminated 
by  using  a  heat-moisture  exchanger  (HME) 
or  a  hygroscopic  condenser  humidifier  ("ar- 
tificial nose").-'^'  -*  An  HME  recycles  heat 
and  moisture  exhaled  by  the  patient,  and 
eliminates  the  need  for  a  humidifier.  In  the 
absence  of  a  humidifier,  no  condensate 
forms  in  the  inspiratory-phase  tubing  of  the 
ventilator  circuit.  Thus,  bacterial  coloniza- 
tion of  the  tubing  is  prevented,  and  the  need 
to  routinely  change  the  tubing  periodically  is 
obviated.-"'  Some  models  of  HMEs  are 
equipped  with  bacterial  filters,  but  the  ad- 
vantage of  these  filters  remains  unknown. 
HMEs  can  increase  the  dead  space  ;md  resis- 
tance to  breathing,  may  leak  around  the  en- 
dotracheal tube,  and  may  result  in  drying  of 
sputum  and  blockage  of  the  tracheo- 
bronchial U'ee.-^'  Although  recently  devel- 
oped HMEs  with  humidifiers  increase  air- 
way humidity  without  increasing  coloniza- 
tion with  bacteria,-'"-"*  more  studies  are 
needed  to  determine  whether  the  incidence 
of  pneumonia  is  decreased.-'""^"- 

c.  Snuill-Vohinie  ("In-Lme")  MedUiition 
Nebulizers.  Small-volume  medication  nebu- 
lizers that  are  inserted  in  the  inspiratory  circuit 
of  mechanical  ventilators  can  produce  bacteri- 
al aerosols.-^-  If  they  become  contaminated  by 
condensate  in  the  inspiratory  tubing  of  tlie 
breathing  circuit,  they  can  increase  the  pa- 
tient's risk  of  pneumonia  because  the  nebuliz- 
er aerosol  is  directed  through  the  eiidotnicheal 
tube  and  bypasses  many  of  the  normal  host 
defenses  against  infection.-* 

2.  Large- Volume  Nebulizers.  Nebulizers 
with  large-volume  (>  500  cc)  reservoirs,  in- 


cluding those  used  in  intermittent 
positive-pressure  bneathing  (IPPB)  machines 
and  ultrasonic  or  spinning-disk  rcxim-air  "hu- 
midifiers," pose  the  greatest  risk  of  pneumo- 
nia to  patients,  probably  because  of  the  total 
amount  of  aerosol  they  generate.-" -■"-^^-■■'"-' 
These  reservoirs  can  become  contaminated  by 
hands  of  personnel,  unsterile  humidification 
fluid,  or  inadequate  steriliziition  or  disinfec- 
tion between  uses.'-''  Once  innoduced  into  the 
reservoir,  various  bacteria,  including 
Legionella  spp..  can  multiply  to  sufficiently 
large  numbers  within  24  hours  to  pose  a  risk 
of  infection  in  patients  who  receive  inhalation 
therapy.'-"'-'-'"-''-""  Sterilization  or 
high-level  disinfection  of  these  nebulizers  can 
eliminate  vegetative  bacteria  from  their  reser- 
voirs and  make  them  safe  for  patient  use.-**' 
Unlike  nebulizers  attached  to  IPPB  machines, 
however,  rtK)m-air  "humidifiers"  have  a  high 
cost-benefit  ratio:  evidence  of  clinical  benefits 
from  their  use  in  hospitals  is  lacking,  and  the 
potential  cost  of  daily  sterilization  or  disinfec- 
tion of,  and  use  of  sterile  water  to  fill,  such  de- 
vices is  substantial. 

3.  Hand-Held  Small-Volume 
Medication  Nebulizers.  Small-volume  med- 
ication nebulizers  for  administration  of  bron- 
chodilators,  including  those  that  are 
hand-held,  can  produce  bacterial  aerosols. 
Hand-held  nebulizers  have  been  associated 
with  nosocomial  pneumonia,  including 
Legionnaires'  disease,  resulting  from  contam- 
ination with  medications  from  multidose 
vials""  or  Legionella-contaminated  tap  water 
used  for  rinsing  and  filling  the  reservoir.-'^'' 

4.  Suction  Catheters,  Resuscitation 
Bags,  Oxygen  Analyzers,  and  Ventilator 
Spirometers.  Tracheal  suction  catheters 
can  introduce  microorganisms  into  a  pa- 
tient's lower  respiratory  tract.  Currently, 
there  are  two  types  of  suction-catheter  sys- 
tems tised  in  U.S.  hospitals,  the  open  sin- 
gle-use catheter  system  and  the  closed 
multi-use  catheter  system.  Studies  compar- 
ing the  two  systems  have  involved  small 
numbers  of  patients;  results  suggest  that  the 
risk  of  catheter  contamination  or  pneumo- 
nia is  not  different  between  patients  on 
whom  the  single-use  suction  method  is  used 
and  those  on  whom  the  closed  multi-use 
catheter  system  is  used.*"''  "'^  While  advan- 
tages of  cost  and  decreased  environmental 
contamination  have  been  attributed  to  the 
use  of  the  closed-suction  system.""*  "'^'  larg- 
er studies  are  needed  to  weigh  the  advan- 


tages and  disadvantages  of  one  system  over 
the  other."" 

Reusable  resuscitation  bags  are  particu- 
larly difficult  to  clean  and  dry  between  uses; 
microorganisms  in  secretions  or  fluid  left  in 
the  bag  may  be  aerosolized  and/or  sprayed 
into  the  lower  respiratoi-y  tract  of  the  patient 
on  whom  the  bag  is  used;  in  addition,  con- 
taminating micr(X)rganisms  may  be  tr;uis- 
niitted  from  one  patient  to  another  via  hands 
of  staff  members.-'"  '"  Oxygen  analyzers 
and  ventilator  spirometers  have  been  associ- 
ated with  outbreaks  of  gram-negative  respi- 
ratory uact  colonization  and  pneumonia  re- 
sulting from  patient-to-patient  transmission 
of  organisms  via  hands  of  personnel.-"-""^ 
These  devices  require  sterilization  or 
high-level  disinfection  between  uses  on  dif- 
ferent patients.  Education  of  physicians,  res- 
piratory therapists,  and  nursing  staff  regard- 
ing the  associated  risks  and  appropriate  c;ire 
of  these  devices  is  essential. 

5.  Anesthesia  Equipment  The  conliib- 
utory  role  of  anesthesia  equipment  in  out- 
breaks of  nosocomial  pneumonia  were  re- 
ported before  hospitals  implemented  routine 
after-use  cleaning  and  disinfection/steriliza- 
tion of  reusable  anesthesia-equipment  com- 
ponents that  may  become  contaminated 
with  pathogens  during  use.""'-"'' 

a.  Anesthesia  machine.  The  internal 
components  of  anesthesia  machines,  which 
include  the  gas  sources  and  outlets,  gas 
valves,  pressure  regulators,  flowmeters,  and 
vaporizers,  are  not  considered  an  important 
source  of  bacterial  contamination  of  inhaled 
gases  "^  Thus,  routine  sterilization  or 
high-level  disinfection  of  the  internal  ma- 
chinery is  considered  unnecessary. 

b.  Breathing  s\:steni  or  patient  circuit.  The 
breathing  system  or  patient  circuit,  through 
which  inhaled  and/or  exhaled  gases  flow  to 
and  from  a  patient  (and  may  include  tlie  Ua- 
cheal  tube  or  face  mask;  inspiratoi^  and  expi- 
ratory tubing;  Y-piece;  CO:  absorber  and  its 
chamber;  the  anesthesia  ventilator  bellows 
and  tubing;  humidifier;  adjustable 
pressure-limiting  valve;  and  other  devices  and 
accessories),  c;in  become  contaminated  with 
microorganisms  that  may  originate  from  the 
patient's  oropharynx  or  trachea.  Recommen- 
dations for  in-use  care,  maintenance,  and  re- 
processing (ie.  cleaning  and  disinfection  or 
sterilization)  of  these  components  of  the 
breathing  system  have  been  published.'"  "**  In 
general,  reusable  components  that  directly 
touch  a  patient's  mucous  membranes  (eg,  face 
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mask  or  tracheal  tube)  or  become  readily  con- 
taminated with  a  patient's  respiratory'  secre- 
tions (eg.  Y-piece.  inspiratory  and  expiratory 
mbing,  and  atuiched  sensors)  are  cleaned  and 
subjected  to  high-level  disinfection  or  steril- 
ization between  patients.  The  other  parts  of  the 
breathing  system  (eg.  carbon  dioxide  absorber 
and  its  chamber),  for  which  an  appropriate  and 
cost-effective  schedule  of  reprocessing  has  not 
been  firmly  determined."''  are  changed, 
cleaned,  and  sterilized  or  subjected  to 
high-level  disinfection  periodically,  according 
to  published  guidelines"''- '"  and/or  their  man- 
ufacturers" instructions. 

Using  high-efficiency  bacterial  filters  at 
various  positions  in  the  patient  circuit,  eg.  at 
the  Y-piece  or  on  the  inspiratory  and  expirato- 
ry sides  of  the  patient  circuit,  has  been  advo- 
cated'-'"'-"-'-' and  shown  to  decrea.se  contam- 
ination of  the  circuit.'-' '-'  However,  the  use  of 
bacterial  filters  to  prevent  nosocomial  pul- 
monary infections  has  not  been  shown  effec- 
tive and  needs  fiirther  study. '-"'^'-^ 

6.  Pulmonary  Function  Testing 
Apparatu-s 

a.  Internal  pans  of  pulmonary  fiinction 
testing  apparatus.  In  general,  the  internal 
parts  of  pulmonary  function  testing  apparatus 
are  not  considered  an  important  source  of 
bacterial  contamination  of  inhaled  gas.'-^ 
However,  because  of  concern  about  possible 
carry-over  of  bacterial  aerosols  from  an  infec- 
tious patient-  user  of  the  apparatus  to  the  next 
patient.-*'-''  placement  of  bacterial  filters 
(that  remove  exhaled  bacteria)  between  the 
patient  and  the  testing  equipment  has  been  re- 
cently advocated.-*'-''  More  studies  are  need- 
ed to  evaluate  the  need  for  and  efficacy  of 
these  filters  in  preventing  nosocomial  pneu- 
monia."" 

b.  Ttihing.  rehrealhinii  valves,  and 
mouthpieces.  Tubing,  connectors,  rebreath- 
ing  valves,  and  mouthpieces  may  become 
contaminated  with  patient  secretions  during 
use  of  the  pulmonary  function  testing  appa- 
ratus. Thus,  they  are  cleaned  and  subjected 
to  high-level  disinfection  or  sterilization  be- 
tween uses  on  different  patients. 

F.  Thoracoabdominal  .Surgical 
I'nHi'diiri's 

Certain  patients  are  at  high  risk  of  devel- 
oping postoperative  pulmonary  complica- 
tions, including  pneumonia.  These  persons 
include  those  who  are  more  than  70  years  ot 
age.  are  obese,  or  have  chronic  ohstniclive 


pulmonary  disease.'""^  Abnormal  pul- 
monary function  tests  (especially  decreased 
maximum  expiration  flow  rate),  a  history  of 
smoking,  the  presence  of  tracheostomy  or 
prolonged  intubation,  or  protein  depletion 
that  can  cause  respiratory-mu.scle  weakness 
are  also  risk  factors.''-'''*"*'  Patients  who  un- 
dergo surgery  of  the  head,  neck,  thorax,  or 
abdomen  may  suffer  from  impairment  of 
normal  swallowing  and  respiratory  clear- 
ance mechanisms  as  a  result  of  instrumenta- 
tion of  the  respiratory  tract,  anesthesia,  or  in- 
creased use  of  narcotics  and  seda- 
tives;"-''^'"' patients  who  undergo  upper 
abdoininal  surgery  usually  suffer  from  di- 
aphragmatic dysfunction  that  results  in  de- 
creased functional  residual  capacity  of  the 
lungs,  closure  of  airways,  and  atelecta- 
sis."''■"*  Interventions  aimed  at  reducing  the 
postoperative  patient's  risk  of  pneumonia 
have  been  developed."''  These  include  deep 
breathing  exercises,  chest  physiotherapy, 
use  of  incentive  spirometry.  IPPB.  and  con- 
tinuous positive  airway  pressure  (CPAP)  by 
face  mask."'"^''  Studies  evaluating  the  rela- 
tive efficacy  of  these  modalities  have  shown 
variable  results.  ;md  have  been  difficult  to 
compare  because  of  differences  in  outcome 
variables  assessed,  patient  populations  snjd- 
ied.  and  study  design. '-'"■•'■"-'•'-■"''"" 
Nevertheless,  many  smdies  have  found  deep 
breathing  exercises,  use  of  incentive  spirom- 
etry, and  IPPB  as  advantageous  maneuvers, 
especially  in  patients  with  preoperative  pul- 
monary dysfunction."-«'M'-'*-'^»-'^"  In  ad- 
dition, control  of  pain  that  interferes  with 
cough  and  deep  breathing  during  the  imme- 
diate postoperative  period  has  been  shown 
to  decrease  the  incidence  of  pulmonary 
complications  after  surgery;  several  meth- 
ods of  controlling  pain  have  been  used;  these 
include  intramuscular  or  intravenous  (in- 
cluding patient-controlled)  administration, 
or  regional  (eg,  epidural)  analgesia.'^'  '■"* 

f ;.  Other  Prophylactic  Measures 

I.  Vaccination  of  Patients.  Although 
pncunKK-ncci  ;ire  not  a  major  cause  of  noscx'o- 
niial  pneumonia,  they  have  been  identified  as 
eliologic  agents  of  scriinis  nosiK'omial  pul- 
moniuy  infection  and  bacteremia.''''"'''  The 
following  factors  render  patients  at  high  risk 
of  complications  from  pneunuxxKcal  infec- 
tions: >  6.*^  yciirs  of  age.  chmnic  cardiova.scu- 
lar  or  pulmonary  disease,  diahiotes  mellitus.  al- 
coholism, ciirhosis.  cerebrospinal  fiuid  leaks, 
immunosuppivssion.  fiincliiinal  or  anatomic 


asplenia,  or  HIV  infection.  Pneumoccxrcal 
vaccine  is  effective  in  preventing  pneumococ- 
cal disease."'-"''  Because  two  thirds  or  more 
of  patients  with  serious  pneumococcal  disease 
have  been  hospitalized  at  least  once  within  5 
years  tiefore  their  pneumococcal  illness,  offer- 
ing pneumococcal  vaccine  in  hospitals,  eg.  at 
the  time  of  patient  discharge,  should  con- 
tribute substantially  to  preventing  the  dis- 


2.  Prophylaxis  with  Systemic 
Antimicrobial  Agents.  Systemic  antimicro- 
bial adminisffation  has  been  a  prevalent  prac- 
tice in  the  prevention  of  nosocomial  infec- 
tions.*'' including  pneumonia."*  especially  in 
patients  who  are  weaned  off  mechanical  ven- 
tilators, postoperative,  and/or  critically  111.-*' 
However,  the  efficacy  of  such  practice  is 
questionable  and  the  potential  for  superinfec- 
tion, which  may  result  from  any  antimicrobial 
therapy,  is  a  problem.^'*'"  "'^"' 

3.  Use  of  "Kinetic  Beds"  or 
Continuous  Lateral  Rotational  Therapy 
(CLRT)  for  the  ImmobUized  State.  Use  of 

kinetic  beds  or  CLRT  is  a  maneuver  for  pre- 
vention of  pulmonary  and  other  complica- 
tions from  prolonged  immobilization  or  bed 
rest,  such  as  in  patients  with  acute  stroke, 
critical  illness,  head  injury  or  traction,  blunt 
chest  trauma,  and/or  mechanically  assisted 
venfilation."-"'""  This  involves  the  use  of  a 
bed  that  turns  continuously  and  slowly 
(from  <  40°  for  CLRT  to  >  40°  for  kinetic 
therapy)  along  its  longitudinal  axis.  Among 
the  hypothesized  benefits  are  improved 
drainage  of  secretions  within  the  lungs  and 
lower  airways,  increased  tidal  volume,  and 
reduction  of  venous  throinbosis  with  resul- 
tant pulmonary  embolization."'*  '•'*' 
However,  the  efficacy  in  preventing  pneu- 
monia needs  further  evaluation  because 
studies  have  yielded  variable  results,"- '"'  In 
addition,  the  studies  either  involved  small 
numbers  of  patients.'"  lacked  adequate  ran- 
domization."- had  no  clear  definition  of 
pneumonia."-  did  not  distinguish  between 
community-acquired  and  noscx'omial  pneu- 
monia.""'" or  did  not  adjust  for  possible 
confounding  factors  such  as  mechanical 
ventilation,  endotracheal  intubation,  naso- 
gastric intubation,  and  enteral  feeding."- 

LEGIONNAIRES'  DISEASE 

Legionnaires'  disease  is  a  niullisystem 
illness,   with   pneumonia,   caused   by 
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Legionella  spp.  In  contrast.  Pontiac  fever  is  a 
self-limited  influenza-like  illness,  without 
pneumonia,  that  is  associated  with 
Legionella  spp.™- 

/.  Epidemiology 

Since  identification  of  the  etiologic 
agent,  numerous  outbreaks  of  nosocomial 
Legionnaires'  disease  have  been  reported 
and  have  provided  the  opportunity  to  study 
the  epidemiology  of  epidemic  legionellosis. 
In  contrast,  the  epidemiology  of  sporadic  (ie, 
nonout  break-related)  nosocomial  Legion- 
naires' disease  has  not  been  well  elucidated. 
However,  data  suggest  that  when  one  case  is 
recognized,  the  presence  of  additional  cases 
should  be  suspected.  Of  196  cases  of  noso- 
comial Legionnaires'  disease  reported  in 
England  and  Wales  during  1980  to  1992. 
69%  occurred  during  22  nosocomial  out- 
breaks (defined  as  two  or  more  cases  occur- 
ring at  an  instimtion  during  a  6-month  peri- 
od).'*' Nine  per  cent  of  cases  occurred  >  6 
months  before  or  after  a  hospital  outbreak. 
Another  1 3%  were  in  hospitals  where  other 
sporadic  cases  (but  no  outbreaks)  were  iden- 
tified. Only  9%  occurred  at  institutions 
where  no  outbreaks  or  additional  sporadic 
cases  were  identified. 

The  overall  proportion  of  nosocomial 
pneumonias  due  to  Legionella  spp.  in  North 
America  has  not  been  determined,  although 
individual  hospitals  have  reported  ranges  of 
0%-14%.'*^'**' Because  diagnostic  tests  for 
Legionella  spp.  infection  are  not  routinely 
performed  on  all  paUents  with  hospital-ac- 
quired pneumonia  in  most  U.S.  hospitals, 
these  ranges  probably  underestimate  the  in- 
cidence of  Legionnaires'  disease. 

Legionella  spp.  are  commonly  found  in  a 
variety  of  natural  and  man-made  aquatic  envi- 
ronments""-'** and  may  enter  hospital  water 
systems  in  low  or  undetectable  numbers.'*'^-™ 
Cooling  towers,  evaporative  condensers,  heat- 
ed potable-water-distribution  systems  within 
hospitals,  and  locally  produced  distilled  water 
can  provide  a  suitable  environment  for  le- 
gionellae  to  multiply.  Factors  known  to  en- 
hance colonization  and  amplification  of  le- 
gionellae  in  man-made  water  environments 
include  temperatures  of  25-42°C,"^-  '*  stagna- 
tion,'^ scale  and  sediment,''"  and  the  presence 
of  certain  free-living  aquatic  amoebae  that  are 
capable  of  supporting  intracellular  growth  of 
legionellae.'*"*-'* 

A  person's  risk  of  acquiring  legionellosis 
following  exposure  to  contaminated  water 


depends  on  a  number  of  factors,  including 
the  type  and  intensity  of  exposure  and  the 
exposed  person's  health  status.'"*'"'"-  Persons 
with  severe  immunosuppression  or  chronic 
underlying  illnesses,  such  as  hematologic 
malignancy  or  end-stage  renal  disease,  are  at 
markedly  increased  risk  for  legionel- 
losis.'*"-"'"^ Persons  in  the  later  stages  of  ac- 
quired immunodeficiency  syndrome  are 
also  probably  at  increased  risk  of  legionel- 
losis, but  data  are  hmited  because  of  infre- 
quent testing  of  patients.'*'-  Persons  with  dia- 
betes mellitus,  chronic  lung  disea.se,  or 
non-hematologic  malignancy,  those  who 
smoke  cigarettes,  and  the  elderly  are  at  mod- 
erately increased  risk.'*-  Nosocomial 
Legionnaires'  disease  has  also  been  reported 
among  patients  at  children's  hospitals.'"*'"" 
Underlying  disease  and  advanced  age 
are  not  only  risk  factors  for  acquiring 
Legionnaires'  disease  but  also  for  dying 
from  the  illness.  In  a  multivariate  analysis  of 
3,524  cases  reported  to  CDC  from  1980 
through  1989,  immunosuppression,  ad- 
vanced age,  end-stage  renal  disease,  cancer, 
and  nosocomial  acquisition  of  disease  were 
each  independently  associated  with  a  fatal 
outcome.'"'-  The  mortality  rate  among  803 
persons  with  nosocomially  acquired  cases 
was  40%  compared  with  20%  among  2,721 
persons  with  community-acquired  cases,'"'- 
probably  reflecting  increased  severity  of  un- 
derlying disease  in  hospitalized  patients. 

//.  Diagnosis 

The  clinical  spectrum  of  disease  due  to 
Legionella  spp.  is  broad  and  ranges  from 
asymptomatic  infection  to  rapidly  progres- 
sive pneumonia.  Legionnaires'  disease  can- 
not be  distinguished  clinically  or  radio- 
graphically  from  pneumonia  caused  by 
other  agents,"""*"""  and  evidence  of  infection 
with  other  respiratory  pathogens  does  not 
rule  out  the  possibility  of  concomitant 
Legionella  spp.  infection.'"'"'- 

The  diagnosis  of  legionellosis  may  be 
confirmed  by  any  one  of  the  following: 
culture  isolation  of  Legionella  from  respi- 
ratory secretions  or  tissues,  or  microscopic 
visualization  of  the  bacterium  in  respirato- 
ry secretions  or  tissue  by  immunofluores- 
cent  microscopy;  and,  for  legionellosis  due 
to  L  pneumophila  serogroup  1,  detection  of 
L  pneumophila  serogroup- 1  antigens  in 
urine  by  radioimmunoassay,  or  observa- 
tion of  a  fourfold  rise  in  L  pneumophila 
serogroup- 1  antibody  titer  to  >  1:128  in 


paired  acute  and  convalescent  serum  spec- 
imens by  use  of  an  indirect  immunofluo- 
rescent  antibody  test  (IFA).""''"'  A  single 
elevated  antibody  titer  does  not  confirm  a 
case  of  Legionnaires'  disease  because  IFA 
titers  >  1:256  are  found  in  1-16%  of 
healthy  adults.-" '•■"■' ""^ 

Because  the  above  tests  complement 
each  other,  performing  each  test  when 
Legionnaires'  disease  is  suspected  increases 
the  probability  of  confirming  the  diagno- 
sis.'"'* However,  because  none  of  the  labora- 
tory tests  is  100%  sensitive,  the  diagnosis  of 
legionellosis  is  not  ruled  out  even  if  one  or 
more  of  the  tests  are  negative.""*""'^  Of  the 
available  tests,  the  most  specific  is  culture 
isolation  of  Legionella  spp.  from  any  respi- 
ratory tract  specimen.''-"  ■'-' 

///.  Modes  of  Transmission 

Inhalation  of  aerosols  of  water  contami- 
nated with  Legionella  spp.  is  believed  to  be 
the  primary  mechanism  of  entry  of  these  or- 
ganisms into  a  patient's  respiratory  tract.'*- 
In  several  hospital  outbreaks,  patients  were 
considered  to  be  infected  through  exposure 
to  contaminated  aerosols  generated  by  cool- 
ing towers,  showers,  faucets,  respiratory 
therapy  equipment,  and  room-air  humidi- 
fiers." -'"■-''''■''---'-'*  In  other  studies,  aspiration 
of  contaminated  potable  water  or  pharyn- 
geal colonizers  has  been  proposed  as  the 
mode  of  transmission  to  certain  pa- 
tients."'-''''-'-'-" Person-to-person  transmis- 
sion, however,  has  not  been  observed. 

IV.  Definition  of  Nosocomial  Legion- 
naires '  Disease 

The  incubation  period  for  Legionnaires" 
disease  is  generally  2-10  days;-"-  thus,  for 
epidemiologic  purposes,  in  this  document 
and  in  the  accompanying  recommendations 
by  the  HICPAC,  laboratory-confirmed  le- 
gionellosis that  occurs  in  a  patient  who  has 
spent  >  10  days  continuously  in  the  hospital 
prior  to  onset  of  illness  is  considered  definite 
nosocomial  Legionnaires'  disease,  and  labo- 
ratory-confirmed infection  that  occurs  2-9 
days  after  hospitalization  vi  possible  nosoco- 
mial infection. 

V.  Prevention  and  Control  Measures 

A.  Prevention  of  Legionnaires'  Disease  in 
Hospitals  with  No  Identified  Cases 
(Primary  Prevention) 


RESPIRATORY  CARE  •  DECEMBER  '94  Vol  39  No  12 


1203 


GUIDELINE  FOR  PREVENTION  OF  NOSOCOMIAL  PNEUMONIA 


Pre\enlii)n  stralegies  in  health-care  facil- 
ities with  no  cases  of  nosocomial  legionel- 
losis  have  varied  by  institution,  depending 
on  the  immunologic  status  of  the  patients, 
the  design  and  construction  of  the  facility, 
resources  available  for  implementation  of 
prevention  su-ategies,  and  state  and  local 
regulations. 

There  are  at  least  two  schools  of  thought 
regarding  the  most  appropriate  and  cost-ef- 
fective approach  to  prevent  nosocomial  le- 
gionellosis,  especially  in  hospitals  where  no 
cases  or  only  sporadic  cases  of  the  illness  are 
detected.  However,  a  study  comparing  the 
cost-benefit  ratios  of  these  strategies  has  not 
been  done. 

The  first  approach  is  based  on  periodic, 
routine  culturing  of  water  samples  from  the 
hospital's  potable  water  system,  for 
U'gionella  spp.-"'-*"  When  >  30%  of  the 
samples  obtained  are  culture-positive  for 
Legionella  spp.,  the  hospital's  potable  water 
system  is  decontaminated^"  and  diagnostic 
laboratory  tests  for  legionellosis  are  made 
available  to  clinicians  in  the  ho.spital's  mi- 
crobiology department  so  that  active  surveil- 
lance for  cases  can  be  instituted.'"^"'"  This 
approach  is  based  on  the  premise  that  no 
cases  of  nosocomial  legionellosis  can  occur 
in  the  absence  of  Legionella  spp.  from  the 
potable  water  system,  and.  conversely,  once 
Legionella  spp.  are  cultured  from  the  water, 
cases  of  nosocomial  legionellosis  may 
occur.'*-'''^*  Proponents  of  this  strategy  indi- 
cate that  when  physicians  are  informed  that 
the  potable  water  system  of  the  hospital  is 
culture-positive  for  Legionella  spp.,  they  are 
more  inclined  to  conduct  the  necessary  tests 
for  legionellosis.-"'  A  potential  advantage  of 
this  approach  is  the  lower  cost  of  culturing  a 
limited  number  of  water  samples,  if  the  test- 
ing is  done  infrequently,  compared  with  the 
cost  of  routine  laboratory  diagnostic  testing 
for  legionellosis  in  all  patients  with  nosoco- 
mial pneumonia  in  hospitals  that  have  had 
no  cases  of  nosocomial  legionellosis. 

The  main  argument  against  this  ap- 
proach is  that  in  the  absence  of  cases,  the  re- 
lationship between  the  results  of  water  cul- 
tures and  the  risk  of  legionellosis  remains 
undefined.  The  bacterium  has  been  fre- 
quently present  in  hospital  water  systems,''" 
often  without  being  assiK'iated  with  known 
ca.ses  of  di.sca.sc."'"*'-'"''-""  In  a  study  of  84 
hospitals  in  Quebec,  689f  were  found  to  be 
coloni/ed  with  Ix'gionella  spp.,  and  2(>% 
were  coloni/ed  at  >  ?i()7i  of  sites  sampled; 
however,  cases  of  Legionnaires'  disease 


were  rarely  reported  from  these  hospitals.-'" 
Similarly,  at  one  hospital  where  active 
surveillance  for  legionellosis  and  environ- 
mental culturing  for  Legionella  spp.  were 
done,  no  cases  of  legionellosis  occurred  in  a 
urology  ward  during  a  3.5-month  period 
when  70%  of  water  samples  from  the  ward 
were  culture-positive  for  L  pneumophila 
serogroup  1.*'  Interpretation  of  the  results 
of  routine  culturing  of  water  may  be  con- 
founded by  variable  culture  results  among 
sites  sampled  within  a  single  water  system 
and  by  fluctuations  in  the  concentration  of 
Legionella  spp.  in  the  same  site.''"'""''"  In  ad- 
dition, the  risk  of  illness  following  exposure 
to  a  given  source  may  be  influenced  by  a 
number  of  factors  other  than  the  presence  or 
concentration  of  organisms;  these  include 
the  degree  to  which  contaminated  water  is 
aerosolized  into  respirable  droplets,  the 
proximity  of  the  infectious  aerosol  to  poten- 
tial host,  the  susceptibility  of  the  host,  and 
the  virulence  properties  of  the  contaminat- 
ing strain."'^-^"^  Thus,  data  are  insufficient  to 
assign  a  level  of  risk  of  disease  even  on  the 
basis  of  the  number  of  colony-forming  units 
detected  in  samples  from  the  hospital  envi- 
ronment. By  routinely  culturing  water  sam- 
ples, inany  hospitals  will  have  to  be  commit- 
ted to  water-decontamination  programs  to 
eradicate  Legionella  spp.  Because  of  this 
problem,  routine  monitoring  of  water  from 
the  hospital's  potable  water  system  and  from 
aerosol-producing  devices  is  not  widely  rec- 
ommended.'"' 

The  second  approach  to  prevent  and  con- 
trol nosocomial  legionellosis  is  by  (a)  main- 
taining a  high  index  of  su.spicion  for  legionel- 
losis and  appropriately  using  diagnostic  tests 
for  legionellosis  in  patients  with  nosocomial 
pneumonia  who  are  at  high  risk  of  develop- 
ing die  disease  and  dying  from  the  infec- 
tion,"*''-^""'  (b)  initiating  an  investigation  for  a 
hospital  source  of  Legionella  spp.  upon  iden- 
tification of  one  case  of  definite  or  two  ca.ses 
of  possible  nosocomial  Legionnaires'  dis- 
ease, and  (c)  routinely  maintaining  ccxiling 
lowers  and  using  only  sterile  water  for  filling 
and  temiinal  rinsing  of  nebulization  devices. 

Measures  aimed  at  creating  an  environ- 
ment that  is  not  conducive  to  survival  or 
multiplication  of  Legionella  spp.  have  been 
advocated  and  utilized  in  hospitals  where 
cases  of  nosocomial  legionellosis  have  been 
identified;  these  include  routine  mainte- 
nance of  potable  water  at  >  fHY'C  or  <  2()"C 
at  the  tap  or  chlorination  of  heated  water  to 
achieve  1-2  mg/L  free  residual  chlorine  at 


the  tap,  especially  in  areas  where  immuno- 
suppressed  and  other  high-risk  patients  are 
located, -■""■•'-''■•'•'"■•'''■'"'""  However,  the 
cost-benefit  ratio  of  such  measures  in  hospi- 
tals with  no  identified  cases  of  legionellosis 
needs  further  study. 

B.  Prevention  of  Legionnaires'  Disease  in 
Hospitals  with  Identified  Cases 
(Secondary  Prevention) 

The  indications  for  a  full-scale  environ- 
mental investigation  to  search  for  and  subse- 
quently decontaminate  identified  sotirces  of 
Legionella  spp.  in  hospital  environments  re- 
main to  be  elucidated,  and  probably  vary  from 
hospital  to  hospital.  In  institutions  where  as 
few  as  1-3  nosocomial  cases  are  identified 
over  a  period  of  up  to  several  months,  intensi- 
fied surveillance  for  Legionnaires'  disease  has 
frequently  detected  numerous  additional 
cases.'""-^-''''-'"'^''  This  suggests  the  need  for  a 
low  threshold  for  initiating  an  investigation 
following  the  identification  of  nosocomial, 
laboratory-confirmed  cases  of  legionellosis. 
However,  when  developing  a  strategy  to  re- 
.spond  to  such  an  identification,  infection-con- 
trol personnel  should  consider  the  level  of  risk 
of  nosocomial  acquisition  of.  and  mortality 
from,  Legionella  spp.  infection  at  their  partic- 
ular hospital. 

An  epidemiologic  investigation  of  the 
source  of  Legionella  spp.  involves  several 
important  steps,  includmg  retrospective  re- 
view of  microbiologic  and  medical  records; 
active  surveillance  to  identify  all  recent  or 
ongoing  cases  of  legionellosis;  identification 
of  potential  risk  factors  (including  environ- 
mental exposures  for  infection,  such  as 
showering  or  use  of  respiratory  therapy 
equipment)  by  line  listing  of  cases,  analysis 
by  time,  place,  and  person,  and  compaiison 
with  appropriate  controls;  collection  of 
water  samples  from  environmental  sources 
implicated  by  the  epidemiologic  investiga- 
tion and  from  other  potential  sources  of 
aerosolized  water;  and  subtype-matching 
between  legionellae  isolated  from  patients 
and  environmental  samples.''-'*'"-""^  Tlie  lat- 
ter step  can  be  crucial  in  supporting  epi- 
demiologic evidence  of  a  link  between 
human  illness  and  a  specific  source,'"' 

In  hospitals  wheiv  the  heated-water  sys- 
tem has  been  identified  as  the  souree  of  the  or- 
ganism, the  system  has  been  decont;uninaled 
by  pulse  (one-time)  tliennal  disinfection  or  su- 
perheating (ie.  Hushing  for  at  least  ."i  minutes 
each  distal  outlet  of  the  hot-water  system  witli 
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water  at  >  65°C)  and  hypeirhlorinalii)ii  (tlusli- 
ing  all  outlets  of  the  hot-water  system  with 
water  containing  >  1 0  mg/L  free  residual  chlo- 
rine l."""'"''*^^'*  Following  either  of  these  proce- 
dures, most  hospitals  maintain  heated  water  at 
>  50°C  or  <  20°C  at  the  tap  or  chlorinate  heat- 
ed water  to  achieve  1-2  ing/L  free  residual 
chlorine  at  the  tap.'"'''-''-^'-^"""  Additional 
measures,  such  as  physical  cleaning  or  re- 
placement of  hot-water  storage  tanks,  water- 
heaters,  faucets,  and  showerheads,  may  be  re- 
quired because  scale  and  sediment  that  pro- 
vide organisms  protection  from  the  biocidal 
effects  of  heat  and  chlorine,  may  accumulate 
in  them."'"**  Alternative  methods  for  control 
and  eradication  of  legionellae  in  water  sys- 
tems, such  as  treatment  of  water  with  ozone, 
ultraviolet  light,  or  heavy  metal  ions,  have 
limited  the  growth  of  legionellae  under  labora- 
tory and/or  operating  conditions.'""  ■'•'^''^^' 
However,  further  data  are  needed  regarding 
the  efficacy  of  these  methods  before  they  can 
be  considered  standard.  In  hospitals  where  the 
cooUng  towers  are  contaminated,  measures 
for  decontamination  have  been  previously 
published.*^ 

For  highly  immunocompromised  pa- 
tients, other  preventive  measures  have  been 
used.  At  one  hospital,  immunosuppressed 
patients  were  restricted  from  taking  show- 
ers, and,  for  these  patients,  only  sterile  water 
was  used  for  drinking  or  flushing  nasogas- 
tric mbes.'""  In  another  hospital,  a  combined 
approach,  consisting  of  continuous  heating, 
particulate  filtration,  ultraviolet  treatment, 
and  monthly  pulse  hyperchlorination  of  the 
water  supply  of  the  bone-marrow  transplant 
unit,  was  used  to  decrease  the  incidence  of 
Legionnaires'  disease.'''"'^ 

In  view  of  the  high  cost  of  an  environ- 
mental investigation  and  of  instituting  con- 
trol measures  to  eradicate  Legionella  spp. 
from  sources  in  the  hospital*-'"''*'  and  the  dif- 
ferential risk,  based  on  host  factors,  for  ac- 
quiring nosocomial  legionellosis  and  of  hav- 
ing severe  and  fatal  infection  with  the  mi- 
croorganism, the  decision  to  search  for  and 
the  choice  of  procedures  to  eradicate  hospi- 
tal environmental  sources  of  Legionella  spp. 
should  take  into  account  the  type  of  patient 
population  served  by  the  hospital. 

ASPERGILLOSIS 

/.  Epidemiology 

Aspergillus  spp.  are  ubiquitous  fungi, 
commonly  occurring  in  soil,  water,  and  de- 


caying vegetation.  Aspergillus  spp.  have 
been  cultured  from  unfiltered  air,  ventilation 
systems,  contaminated  dust  dislodged  dur- 
ing hospital  renovation  and  construction, 
horizontal  surfaces,  food,  and  ornamental 
plants.*' 

A  funiigiuus  and  A  Jlavus  are  the  most 
frequently  isolated  Aspergillus  spp.  in  pa- 
tients with  proven  aspergillosis.'*'''* 
Nosocomial  aspergillosis  has  been  recog- 
nized increasingly  as  a  cause  of  severe  ill- 
ness and  mortality  in  highly  immunocom- 
promised patients,  eg,  patients  undergoing 
chemotherapy  and/or  organ  transplantation, 
including  bone-marrow  transplantation  for 
hematologic  and  other  malignant  neo- 
plasms.'"'"-*'' 

The  most  important  nosocomial  infection 
due  to  Aspergillus  spp.  is  pneumonia.'"''"'''-'' 
Hospital  outbreaks  of  pulmonary  aspergillo- 
sis have  occurred  mainly  in  granulocy- 
tofienic  patients,  especially  in  bone-marrow 
tran.splant  units.'''''*^"  Although  invasive  as- 
pergillosis has  been  reported  in  recipients  of 
solid-organ  transplants  (eg,  heart  or  kid- 
ney  ),'""""*''  the  incidence  of  Aspergillus  spp. 
infections  in  these  patients  has  been  lower 
than  in  recipients  of  bone-marrow  trans- 
plants, probably  because  granulocytopenia  is 
less  severe  in  solid-organ  transplant  recipi- 
ents and  the  use  of  corticosteroids  has  de- 
creased with  the  introduction  of  cy- 
closporine .""*'■""*'  In  solid-organ  U-ansplant  re- 
cipients, the  efficacy  of  infection  control 
measures,  such  as  provision  of  protected  en- 
vironments and  prophylaxis  with  antifungal 
agents,  in  preventing  aspergillosis  has  not 
been  well  evaluated.*' ■'*'^''*''''''*  In  one  .study 
of  heart-transplant  recipients,  protective  iso- 
lation of  patients  alone  failed  to  prevent  fun- 
gal infections.'''*' 

The  reported  attributable  mortality  from 
invasive  pulmonary  aspergillosis  has  varied, 
depending  on  the  patient  population  studied. 
Rates  have  been  as  high  as  95%  in  recipients 
of  allogeneic  bone-marrow  transplants  and 
patients  with  aplastic  anemia,  compared  with 
rates  of  13-80%  in  leukemic  patients.'''"-''^' 

//.  Pathogenesis 

In  contrast  to  most  bacterial  pneumo- 
nias, the  primary  route  of  acquiring 
Aspergillus  spp.  infection  is  by  inhalation 
of  the  fungal  spores.  In  severely  immuno- 
compromised patients,  primary  Aspergillus 
spp.  pneumonia  results  from  local  lung  tis- 
sue invasion.'"'''''^'*''^-^  Subsequently,  the 


fungus  may  dis.seminate  via  the  blood- 
stream to  involve  multiple  other  deep  or- 
gans.'***''"-''''''*  A  role  for  nasopharyngeal 
colonization  with/l.s7)<'r?/7/(/.v  spp..  as  an  in- 
termediate step  before  invasive  pulmonary 
disease,  has  been  proposed,  but  remains  to 
be  elucidated.'""'-^''''''"'  On  the  other  hand, 
colonization  of  the  lower  respiratory  tract 
by  Aspergillus  spp.,  especially  in  patients 
with  preexisting  lung  disease  such  as 
chronic  obstructive  lung  di.sease.  cystic  fi- 
brosis, or  inactive  tuberculosis,  has  predis- 
posed patients  to  invasive  pulmonary 
and/or  disseminated  infection.'"'*''''-'''''^ 

///.  Diagnosis 

Diagnosing  pneumonia  due  to  Aspergillus 
spp.  is  often  difficult  without  pertbmiing  inva- 
sive procedures.  Bronchoalveolar  lavage  has 
been  a  useful  screening  test.^'"-'"'-  but  lung 
biopsy  is  still  considered  the  most  reliable 
technique.""  Histopathologic  demonstration 
of  tissue  invasion  by  fungal  hyphae  has  been 
required  in  addition  to  isolation  of  Aspergillus 
spp.  from  respiratory  tract  .secretions  because 
the  latter,  by  itself,  may  indicate  coloniza- 
tion.^" However,  when  Aspergillus  spp.  is 
grown  from  the  sputum  of  a  febrile,  granulo- 
cytopenic patient  with  a  new  pulmonary  infil- 
trate, it  is  highly  likely  that  the  patient  has  pul- 
monary aspergillosis.-''"-'"^  Routine  blood  cul- 
tures are  remarkably  insensitive  for  detecting 
Aspergillus  spp.,""'  and  systemic  aiitibody  re- 
sponses in  immunocompromised  patients  are 
likely  to  be  unreliable  indicators  of  infec- 
tion.""'*''' Antigen-based  serologic  assays  are 
now  being  developed  in  an  attempt  to  allow 
for  the  rapid  and  specific  diagnosis  of 
Aspergillus  spp.  infections;  however,  their 
clinical  usefulness  is  presently  undefined.""-^" 

IV.  Risk  Factors  and  Control  Measures 

The  major  nsk  factor  for  invasive  as- 
pergillosis is  severe  and  prolonged  granulo- 
cytopenia, both  disease-  and  therapy-in- 
duced.-'''-Since  bone-marrow  transplant  re- 
cipients experience  the  most  severe  degree 
of  granulocytopenia,  they  probably  consti- 
tute the  population  at  highest  risk  of  devel- 
oping invasive  aspergillosis.'*''--'''-'  The  ten- 
dency of  bone-marrow  transplant  recipients 
to  develop  severe  granulocytopenia  (<  1 ,000 
polymorphonucleaur/;uL)  is  associated  with 
the  type  of  graft  they  receive.  While  both  au- 
tologous and  allogeneic  bone-marrow  trans- 
plant recipients  are  severely  granulocy- 
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topenic  tor  up  to  4  weeks  after  the  triuispl;mt 
procedure,  allogeneic-transplant  recipients 
may.  in  addition,  develop  acute  or  chronic 
graft-versus-host  disease.  The  latter  may 
occur  up  to  several  months  after  the  proce- 
dure, and  the  disease  and/or  its  therapy 
(often  with  high  doses  of  corticosteroids,  cy- 
closporine.  and  other  immunosuppressive 
agents)  may  result  in  se\ere  granulocytope- 
nia. Consequently,  in  developing  strategies 
to  prevent  invasive  Aspergillus  spp.  infec- 
tion in  bone-marrow-transplant  patients,  in- 
fection control  personnel  should  consider 
exposures  of  the  patient  to  the  fungus  not 
only  during  the  patient's  immediate  post- 
triinsplantatioii  period  but  also  other  expo- 
sures (eg,  at  home  or  in  an  ambulatory-care 
setting)  subsequent  to  the  immediate  post- 
transplant  period,  when  the  patient  (espe- 
cially allogeneic-transplant  recipients)  may 
again  manifest  severe  granulocytopenia.  To 
help  address  this  problem,  various  smdies 
are  now  in  progress  to  evaluate  newer  meth- 
ods of  enhancing  host  resistance  to  invasive 
fungal  (and  other)  infections,  and  of  ehmi- 
nating  or  suppressing  respiratory  fungal  col- 
onization of  the  upper  respiratory  tract. 
These  methods  include,  resjjectively.  the  use 
of  granulocyte-colony-stiniulating  factors 
and  inu-anasal  application  of  amphotericin 
B.  or  oral  or  systemic  antifungal  drug  pro- 
phylaxis.'*'''- '■'"^''  For  solid-organ  transplant 
recipients,  risk  factors  for  invasive  as- 
pergillosis have  not  been  as  extensively 
studied.  In  one  study  of  liver-transplant  re- 
cipients, risk  factors  for  invasive  infection 
with  Aspergillus  spp.  identified  by  univari- 
ate analysis  included  preoperative  and  post- 
operative receipt  of  steroids  and  antimicro- 
bial agents,  and  prolonged  duration  of  trans- 
plant surgery.^"* 

The  presence  of  aspergilli  in  the  hospital 
environment  is  the  major  extrinsic  risk  fac- 
tor for  the  occurrence  of  opportunistic  inva- 
sive  Aspergillus  spp.  infection.'""''''' 
Environmental  disturbances  due  to  con- 
struction and/or  renovation  activities  in  and 
around  hospitals  markedly  raise  the  airborne 
Aspergillus  spp.  spore  counts  in  such  hospi- 
tals and  have  been  associated  with  nosoco- 
mial aspergillosis.-""-""''""-^*'-'  In  addition, 
aspergillosis  in  high-risk  immunosup- 
pressed  patients  has  been  associated  with 
other  hospital  environmental  reservoirs,  in- 
cluding bird  droppings  in  air  ducts  supply- 
ing high-risk  patient  areas,^-''  and  contami- 
nated fireproofing  material  or  damp 
wood.'""'''''' 


A  single  case  of  nosocomial  Aspergillus 
spp.  pneumonia  is  often  difficult  to  link  to  a 
specific  environmental  exposure.  However, 
additional  cases  may  remain  undetected 
without  an  active  search  that  includes  an  in- 
tensive retrospective  review  of  microbiolog- 
ic, histopathologic,  and  postmortem  records; 
notification  of  clinicians  caring  for  high-risk 
patients;  and  establishment  of  a  system  for 
prospective  surveillance  for  additional 
cases.  When  additional  cases  are  detected, 
the  likelihood  is  increased  that  a  hospital  en- 
vironmental source  of  Aspergillus  spp.  can 
be  identified.'"'''"*'-''''-'  Previous  investiga- 
tions have  shown  the  importance  of  con- 
struction activities  and/or  fungal  "contami- 
nation" of  hospital  air-handling  systems  as 
major  sources  for  outbreaks."'^"'""'''"*''-''''-'' 
New  molecular  typing  techniques,  namely 
karyotyping'-''  and  DNA  endonuclease  pro- 
filing (now  available  for  A  fumigcitus),^-'' 
may  significantly  aid  in  identifying  the 
source  of  an  outbreak. 

Outbreaks  of  invasive  aspergillosis  rein- 
force the  importance  of  maintaining  an  envi- 
ronment as  free  of  Aspergillus  spp.  spores  as 
possible  for  patients  with  severe  granulocy- 
topenia. To  achieve  this  goal,  specialized 
services  in  many  large  hospitals,  in  particu- 
lar bone-marrow  transplant  services,  have 
installed  "protected  environments"  for  the 
care  of  their  high-risk,  severely  gianulocy- 
topenic  patients,  and  increased  their  vigi- 
lance during  hospital  construction  and  rou- 
tine maintenance  of  hospital  air-filtration 
and  ventilation  systems,  to  prevent  exposing 
high-risk  patients  to  bursts  of  fungal 
spores.-'™--'™'*'--''-'*''-" 

While  the  exact  configuration  and  speci- 
fications of  the  protected  environments  may 
vary  between  hospitals,  these  patient-care 
areas  are  built  to  minimize  fungal  spore 
counts  in  air  by  maintaining  (a)  high-effi- 
ciency filtration  of  incoming  air  by  using 
central  or  point-of-use  HEPA  filters  that  are 
99.97'/f  efficient  in  filtering  ()..^/j-sized  parti- 
cles, (b)  directed  room  airtlow — from  intake 
on  one  side  of  the  room,  across  the  patient, 
iind  out  through  the  exhaust  on  the  opposite 
side  of  the  room,  (c)  positive  room-air  pres- 
sure relative  to  the  corridor,  (d)  well-scaled 
rooms,  and  (e)  high  rates  of  room-air 
changes  (range;  15  to  >  4(X)  per  hour),  al- 
though air-change  rates  at  the  higher  levels 
may  pose  problems  of  patient  com- 
lort.^"-'-'"-"-"-""  The  oldest  and  most  stud- 
ied protected  environment  is  a  room  with 
laminar  airtlow.  consisting  of  a  bank  of 


HEPA  filters  along  an  entire  wall  through 
which  air  is  pumped  by  blowers  into  the 
room  at  a  uniform  velocity  (90±20 
feet/minute),  forcing  the  air  to  move  in  a 
laminar,  or  at  least  unidirectional,  pattem."" 
The  air  usually  exits  at  the  opposite  end  of 
the  room,  and  ultra-high  air-change  rates 
(100-400  per  hour)  are  achieved.''"'-''* The 
net  effects  are  essentially  sterile  air  in  the 
room,  minimal  air  turbulence,  minimal  op- 
portunity  for  microorganism  build-up,  and  a 
consistently  clean  environment.''" 

The  efficacy  of  a  laminar-airflow  system 
in  decreasing  or  eliminating  the  risk  of  noso- 
comial aspergillosis  in  high-risk  patients  has 
been  demonstrated.''''''-'-''-'-'"'-'-"  However, 
such  a  system  is  costly  to  install  and  main- 
tain. Less  expensive  alternative  systems 
with  lower  air-change  rates  ( 1 0- 1 5  per  hour) 
have  been  utilized  in  some  centers.'-'"-'-"-'''' 
However.  sUidies  comparing  the  efficacy  of 
these  altemative  .systems  with  laminar-air- 
flow rooms  in  eliminating  Aspergillus  spp. 
spores  and  preventing  nosocomial  as- 
pergillosis are  limited.  One  instiuition  em- 
ploying cross-flow  ventilation,  point-of-use 
high-efficiency  filters,  and  15  air  changes 
per  hour  reported  that  cases  of  nosocomial 
aspergillosis  in  patients  housed  in  these 
rooms  have  occurred,  albeit  at  a  low  rate 
(3.4%).'""^  The  infections,  however,  were 
due  to  A  flavus — a  species  that  was  never 
cultured  from  the  room  air,  suggesting  that 
the  patients  were  probably  exposed  to  fungal 
spores  when  they  were  allowed  outside  their 
rooms.'-" 

Copper-8-quinolinolate  has  been  used 
on  environmental  surfaces  contaminated 
with  Aspergillus  spp.  to  control  a  reported 
outbreak,'-"*  and  incorporated  in  fireproofing 
material  of  a  newly  constructed  hospital'"  to 
help  decrease  the  environmental  spore  bur- 
den, but  its  general  applicability  is  yet  to  be 
established. 

VIRAL  PNEUMONIAS 

Viruses  can  be  ;in  import;mt  and  often  un- 
appreciated cause  of  nosocomial  pneumo- 
nia."''"^' In  one  prospective  study  of  endemic 
nosocomial  infections,  approximately  20%  of 
patients  with  pneumonia  had  viral  infec- 
tions.'^' Although  early  diagnosis  and  tteat- 
ment  of  viral  infections  have  become  p*)ssible 
in  recent  years,^-'^'  many  hospitalized  pa- 
tients remain  at  high  risk  for  developing  se- 
vere and  sometimes  fatal  viral 
infections.""-'^''"  Ba,sed  on  these  data  and  on 
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well-documented  outbreaks  with  nosocomial 
viral  transmission,-'''^'"  measures  to  prevent 
viral  transmission  should  be  instituted. 

Nosocomial  respiratory  viral  infections  ( 1 ) 
usually  follow  community  outbreaks  that 
occur  during  a  particular  period  every 
year,'*-''**'  (2)  confer  only  short-term  im- 
munity,'^- (3)  affect  healthy  and  ill  per- 
sons,-'*-'^''-"'-"'-''''''  and  (4)  have  exogenous 
sources.  A  number  of  viruses,  including  aden- 
oviruses, influenza  virus,  measles  virus, 
parainfluenza  viruses,  respiratory  syncytial 
virus  (RSV),  rhinoviruses,  and 
varicella-zoster  virus  can  cause  nosocomial 
pneumonia;-^'-"*-"''-"*''''-'"  however,  aden- 
oviruses, influenza  viruses,  parainfluenza 
viruses,  and  RSV  have  been  reported  to  ac- 
count for  most  (70%)  of  nosocomial  pneumo- 
nias due  to  viruses.'^' 

Because  influenza  and  RSV  infections 
substantially  contribute  to  patient  morbidity 
and  mortality  associated  with  viral  pneumo- 
nia and  have  been  well  studied  epidemiolog- 
ically,  this  section  focuses  on  the  principles 
and  approaches  to  control  these  infections. 
Prevention  of  nosocomial  infections  due  to 
other  viral  pathogens  are  addressed  in  anoth- 
er document.--'' 

RSV  INFECTION 

/.  Epidemiology 

RSV  infection  is  most  common  during 
infancy  and  early  childhood,  but  may  also 
occur  in  adults."''"*'^'"''  Infection  usually 
causes  mild  or  moderately  severe  upper  res- 
piratory illness.  However,  life-threatening 
pneumonia  or  bronchiolitis  has  been  report- 
ed in  children  with  chronic  cardiac  and  pul- 
monary disease,  immunocompromised  pa- 
tients, and  the  elderly .'«'-"''-'«'«',-'^"-'™ 

Recent  surveillance  of  10  U.S.  hospital 
laboratories  performing  cultures  for  RSV 
suggests  that  community  outbreaks  occur 
yearly  between  December  and  March,  last 
from  3-5  months,  and  are  associated  with  in- 
creased hospitalization  and  deaths  among 
infants  and  young  children."''  During  com- 
munity outbreaks  of  RSV,  children  admitted 
to  the  hospital  with  respiratory  symptoms 
often  serve  as  reservoirs  for  RSV."^'"' 

//.  Diagnosis 

The  clinical  characteristics  of  RSV  in- 
fection, especially  in  neonates,  are  often  in- 
distinguishable from  those  of  other  viral  res- 


piratory tract  infections."*'"  Culture  of 
RSV  from  respiratory  secretions  remains  the 
"gold  standard"  for  diagnosis.  Although 
rapid  antigen-detection  kits  utihzing  direct 
immunofluorescence  or  enzyme-hnked  im- 
munosorbent assay  are  available  and  can 
provide  results  within  hours,  the  benefit  of 
using  these  tests  to  identify  infected  patients 
depends  on  the  sensitivity  and  specificity  of 
the  test.  The  reported  sensitivity  and  speci- 
ficity of  RSV  enzyme  immunoassays  vary 
between  80%  and  95%.  and  may  even  be 
lower  in  actual  practice.'*"-"*'  In  general, 
once  laboratory-confirmed  cases  of  RSV  in- 
fection are  identified  in  a  hospital,  a  pre- 
sumptive diagnosis  of  RSV  infection  in  sub- 
sequent cases  with  manifestations  sugges- 
tive of  RSV  infection  may  be  acceptable  for 
infection  control  purposes. 

///,  Modes  of  Transmission 

RSV  is  present  in  large  numbers  in  the  res- 
piratory secretions  of  symptomatic  persons  in- 
fected with  the  virus  and  can  be  transmitted  di- 
rectly via  large  droplets  during  close  contact 
with  such  persons,  or  indirectly  via  RSV-con- 
taminated  hands  or  fomites."*-""-'*"  The  portal 
of  entry  is  usually  the  conjunctiva  or  the  nasal 
mucosa'*  Inoculation  by  RSV-contaminated 
hands  is  the  usual  way  of  depositing  the  virus 
onto  the  eyes  or  nose.'-"^-'*"-'*  Hands  can  be- 
come contaminated  through  handling  of  in- 
fected persons"  respiratory  secretions  or  con- 
taminated fomites."*^-'*^' 

In  nosocomial  RSV  outbreaks  in  which 
the  viral  isolates  were  typed,  more  than  one 
strain  of  RSV  has  often  been  identi- 
fied,'"-"^'*^ suggesting  multiple  sources  of 
the  virus.  Potential  sources  include  patients, 
hospital  staff,  and  visitors.  Because  infected 
infants  shed  large  amounts  of  virus  in  their 
respiratory  secretions  and  easily  contami- 
nate their  immediate  surroundings,  they  are 
a  major  reservoir  for  RSV.'**  Hospital  staff 
may  become  infected  after  exposure  in  the 
community"*''  or  in  the  hospital  and.  in  turn, 
infect  patients,  other  health-care  workers,  or 
hospital  visitors.'""''* 

IV.  Control  Measures 

Various  combinations  of  control  mea- 
sures ranging  from  the  simple  to  the  com- 
plex have  been  eftective,  to  some  degree  or 
other,  in  preventing  and  controlling  nosoco- 
mial RSV  infection.--'''*-''"  Successftil  pro- 


grams have  had  two  elements  in  common; 
implementation  of  contact  isolation  precau- 
tions, and  compliance  with  these  precau- 
tions by  health-care  personnel.  In  theory, 
strict  handwashing  should  prevent  most 
nosocomial  RSV  infections.  However, 
health-care  workers"  handwashing  practices 
have  always  been  poor.--'---  Thus,  other 
preventive  measures  are  usually  relied  upon 
to  prevent  RSV  infection. 

The  basic  precautions  that  have  been  as- 
sociated with  decreased  incidence  of  noso- 
comial RSV  infections  are  gloving  and 
gowning.--''  Gloving  has  helped  decrease 
transmission  probably  because  gloves  re- 
mind patient-care  personnel  to  comply  with 
handwashing  and  other  precautions,  and 
deter  persons  from  touching  their  eyes  or 
noses.  The  benefits  from  gloving,  however. 
are  offset  if  gloves  are  not  changed  between 
patients  or  after  contact  with  contaminated 
fomites.  and  if  hands  are  not  adequately 
washed  after  glove  removal.--''  Gowning,  in 
combination  with  gloving,  during  contact 
with  RSV-infected  infants  or  their  immedi- 
ate environment  has  been  used  successfiilly 
to  prevent  infection.--''  In  addition,  the  use  of 
eye-nose  goggles  rather  than  masks  has  pro- 
tected health-care  workers  from  infection; 
however,  eye-nose  goggles  are  not  widely 
available  and  are  inconvenient  to  wear.'**"* 

Additional  measures  may  be  indicated  to 
control  ongoing  nosocomial  transmission  of 
RSV  or  to  prevent  transmission  to  patients  at 
high  risk  for  serious  complications  of  infec- 
tions, such  as  those  with  compromised  car- 
diac, pulmonary,  or  immune  systems.  The  fol- 
lowing additional  control  measures  have  been 
used  in  various  combinations:  ( 1 )  use  of  pri- 
vate rooms  for  infected  patients  OR  cohorting 
of  infected  patients,  with  or  without  pre-ad- 
mission screening  by  rapid  laboratory  diag- 
nostic tests;  (2)  cohorting  of  personnel;  (3)  ex- 
clusion of  health-care  workers  who  have 
symptoms  of  upper  respiratory  tract  infection 
from  the  care  of  uninfected  patients  at  high 
risk  of  severe  or  fatal  RSV  infection,  eg,  in- 
fants; (4)  limiting  visitors;  and  (5)  postponing 
admission  of  patients  at  high  risk  of  complica- 
tions from  RSV  infection.---""''"-'-""'''^ 
Although  the  exact  role  of  each  of  these  mea- 
sures has  not  been  fully  elucidated,  their  use 
for  control  of  outbreaks  seems  pmdent 
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may  be  due  lo  the  intluen/a  \  iais  itself,  sec- 
ondary bacterial  infection,  or  a  combination 
of  both."^'"^"  Influenza-associated  pneumo- 
nia can  occur  in  any  person,  but  is  more 
common  in  the  very  young  or  old  and  in  per- 
sons in  any  age  group  with  immunosuppres- 
sion or  certain  chronic  medical  conditions 
such  as  severe  underlying  heail  or  lung  dis- 
ease  576.6u:-«u 

Influenza  typically  occurs  annually  in 
the  winter  between  December  and  April; 
peak  activity  in  a  community  usually  lasts 
froin  6  to  8  weeks  during  this  period."'-'^'**' 
During  influenza  epidemics  in  the  commu- 
nity, nosocomial  outbreaks  can  occur  and 
are  often  characterized  by  abrupt  onset  and 
rapid  transmission."''' ""  Most  reported  in- 
stitutional outbreaks  of  influenza  have  oc- 
curred in  nursing  homes;  however,  hospital 
outbreaks  have  been  reported  on  pediatric 
and  chronic-care  wards,  as  well  as  on  med- 
ical    and     neonatal     intensive     care 

yni,S.557.(,l.l-6l3 

Influenza  is  believed  to  be  spread  from 
person  to  person  by  direct  deposition  of 
virus-laden  large  droplets  onto  the  inucosal 
surfaces  of  the  upper  respiratory  tract  of  an 
individual  during  close  contact  with  an  in- 
fected person,  as  well  as  by  droplet  nuclei  or 
small-particle  aerosols.''''*'''"  The  extent  to 
which  transmission  may  occur  by  virus-con- 
taminated hands  or  fomites  is  unknown; 
however,  it  is  not  the  primary  mode  of 
spread.'""* 

The  most  important  reservoirs  of  influen- 
za virus  are  infected  persons,  and  the  period 
of  greatest  communicability  is  during  the  first 
3  days  of  illness;  however,  the  vims  can  be 
shed  before  onset  of  symptoms,  and  up  to  7  or 
more  days  after  illness  onset.'*'' '■-^'''■'*" 

//.  Diagnosis 

Influenza  is  clinically  indistinguishable 
from  other  febrile  respiiatoi^  illnesses,  but 
during  outbreaks  with  laboratory-con- 
firmed cases,  a  presumptive  diagnosis  of 
the  infection  can  be  made  in  casjs  with 
similar  manifestations.'''''  In  the  past,  diag- 
nosis of  influenza  was  made  by  virus  isola- 
tion from  nasopharyngeal  secretions  or  by 
serologic  conversion,  but  recently  devel- 
oped rapid  diagnostic  tests  that  are  similar 
to  culture  in  sensitivity  and  specificity 
allow  early  diagnosis  and  treatment  of 
cases  and  provide  a  basis  for  prompt  initia- 
tion of  antiviral  prophylaxis  as  part  of  out 
break  control.''-'"'-^ 


///.  Prevention  and  Control  of  Influenza 

Vaccination  of  persons  at  high  risk  for 
complications  of  influenza  is  cunently  the 
most  effective  measure  for  reducing  the 
impact  of  influenza,  and  should  be  done  be- 
fore the  influenza  season  each  year. 
High-risk  persons  include  those  >  65  years 
of  age;  those  in  long-term-care  units;  those 
with  chronic  disorders  of  the  pulmonaiy  or 
cardiovascular  systems;  tho.se  with  diabetes 
inellitus.  renal  dysfunction,  hemoglo- 
binopathies, or  immunosuppression;  and 
children  6  months- 1 8  years  of  age  who  are 
receiving    long-term    aspirin    thera- 


py.' 


Patients  with  musculo-skeletal 


disorders  that  impede  adequate  respiration 
may  also  be  at  hig'.i  risk  of  developing 
complications  of  influenza.  When  high 
vaccination  rates  are  achieved  in  closed  or 
semi-closed  settings,  the  risk  of  outbreaks 
is  reduced  because  of  induction  of  herd  im- 
munity.''-'''''" 

When  an  institutional  outbreak  is 
caused  by  influenza  type  A.  antiviral  agents 
may  be  used  both  for  treatment  of  ill  per- 
sons and  as  prophylaxis  for  others.''^-  Two 
related  antiviral  agents,  amantadine  hy- 
drochloride and  rimantadine  hydrochlo- 
ride, are  effective  against  influenza  type  A. 
but  not  influenza  type  B.  virus.''*'"''-'*'''' 
These  agents  can  be  used  to  prevent  in- 
fluenza type  A  ( 1 )  as  short-term  prophylax- 
is after  late  vaccination  of  high-risk  per- 
sons; (2)  as  prophylaxis  for  persons  for 
whom  vaccination  is  contraindicated;  (3)  as 
prophylaxis  for  immunocompromised  per- 
sons who  may  not  produce  protective  lev- 
els of  antibody  in  response  to  vaccination; 
(4)  as  prophylaxis  for  unvaccinated  health- 
care workers  who  provide  care  to  high-risk 
patients,  either  for  the  duration  of  influenza 
activity  in  the  community  or  until  immuni- 
ty develops  after  vaccination;  and  (.S)  when 
vaccine  strains  do  not  closely  match  the 
epidemic  virus  strain.'**- 

Amantadine  has  been  available  in  the 
United  States  for  niany  years;  rimantadine 
has  been  approved  for  use  since  1993.  Both 
drugs  protect  against  all  naturally-occuiring 
strains  of  type  A  influenza  virus;  thus,  anti- 
genic changes  in  the  vims  that  may  reduce 
vaccine  efficacy  do  not  alter  the  cffeclive- 
ness  of  amantadine  or  limanladine.  Both 
drugs  are  7()-9()'/f  effective  in  pivvenling 
illness  if  taken  before  exposure  to  inllucn/a 
A  vims,"'-''*''  In  addition,  they  can  reduce 
the  severity  and  duration  of  illness  due  lo  in- 


fluenza type  A  when  administered  within 
24-48  hours  after  onset  of  symptoms.''"''''^ 
These  dmgs  can  limit  nosocomial  spread  of 
influenza  type  A  if  they  are  administered  to 
all  or  most  patients  when  influenza  type  A 
illnesses  begin  in  a  facility.'''"''"*''-''' 

Compared  to  rimantadine,  amantadine 
has  been  associated  with  a  higher  incidence 
of  adverse  central  nervous  systern  (CNS) 
reactions  such  as  mild  and  transitory  ner- 
vousness, insomnia,  i  npaired  concentra- 
tion, mood  changes,  and  light-headedness. 
These  symptoms  have  been  reported  in 
5*^-10%  of  healthy  young  adults  receiving 
200  mg  of  amantadine  per  day.'^'''-  In  the 
elderly.  CNS  side  effects  inay  be  more  se- 
vere; in  addition,  dizziness  and  ataxia  are 
more  common  in  this  age  group.'^'*'*'  Dose 
reductions  of  both  amantadine  and  rimanta- 
dine are  recommended  for  certain  patient 
groups,  such  as  persons  >  63  years  of  age 
and/or  those  who  have  renal  insufficiency. 
The  drug  package  insert  for  aniantadine  or 
rimantadine  contains  important  infomiation 
regarding  adininistration  of  either  drug. 
Guidelines  for  the  use  of  these  dmgs  and 
considerations  for  the  selection  of  amanta- 
dine or  rimantadine  have  been  developed  by 
the  Advisory  Committee  for  Immunization 
Practices.''^- 

Emergence  of  amantadine-  and  rimanta- 
dine-resistant  strains  of  influenza  A  vims 
has  been  observed  in  persons  who  have  re- 
ceived these  dmgs  for  treatment  of  the  in- 
fection.'**"^ Because  of  the  potential  risk  of 
transmission  of  resistant  viral  strains  to  con- 
tacts of  persons  receiving  amantadine  or  ri- 
mantadine for  treatment,''^ '^'^  to  the  extent 
possible,  infected  persons  taking  either  drug 
should  avoid  contact  with  others  during 
treatment  and  for  2  days  after  discontinuing 
treatment.'**''"*  This  is  pailicularly  impor- 
tant if  the  contacts  are  uninfected  high-risk 
persons.'**  ■"•*' 

Vaccination  of  high-risk  patients  and  of 
hospital  personnel  before  the  inlluenza  sea- 
son is  the  primary  focus  of  cfToils  lo  prevent 
and  control  nosocomial  influenza."-'*"'"*"' 
The  decision  to  use  amantadine  or  rimanta- 
dine as  an  adjunct  to  vaccination  in  the  pre- 
vention and  control  t)f  nosocomial  inlluenza 
is  based  in  pail  on  results  of  \'irologic  and 
epidemiologic  sui"veillance  in  the  hospital 
and  ihe  community.  When  outbreaks  of  in- 
lluenza type  A  occur  in  a  hospital,  and  an- 
liviial  prophylaxis  of  high-risk  persons 
and/or  treatment  of  ca.ses  is  undeilaken.  ad- 
ministration of  amantadine  or  rimantadine 
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is  begun  as  early  in  the  outbreak  as  possible 
to  reduce  transmission.*'"'''"'^-'^' 

Measures  other  than  vaccination  and 
chemoprophylaxis  have  been  recommend- 
ed for  control  of  nosocomial  influenza  out- 
breaks. Because  influenza  can  be  transmit- 
ted during  contact  with  an  infected  person, 
contact  isolation  precautions,  placing  a  pa- 
tient symptomatic  with  influenza  in  a  pri- 
vate room,  cohorting  of  patients  with  in- 
fluenza-like illness,  and  masking  upon  en- 
tering a  room  with  persons  with  suspected 
or  proven  influenza  have  been  recom- 
mended.--'' Handwashing,  gloving,  and 
gowning  by  health-care  workers  during  the 
patient's  symptomatic  period  have  also 
been  recommended,  but  the  exact  role  of 
these  measures  in  preventing  influenza 
transmission  remains  to  be  elucidat- 
g(j  ::4.(,iw.M')  Although  influenza  can  be 
transmitted  via  the  airborne  route,  the  effi- 
cacy of  placing  infected  persons  in  rooms 
with  negative  pressure  in  relation  to  their 
immediate  environment  has  not  been  as- 
sessed. In  addition,  this  measure  may  be 
impractical  during  institutional  outbreaks 
that  occur  in  the  midst  of  a  community  epi- 
demic of  influenza  because  many  newly 
admitted  patients  and  health-care  workers 
may  be  infected  with  the  virus;  thus,  the 
hospital  would  face  the  logistical  problem 
of  accommodating  all  ill  persons  in  rooms 
with  special  ventilation.  Although  con- 
trolled studies  are  not  available  to  measure 
their  effectiveness,  the  following  additional 
measures  have  been  recommended  for  con- 
sideration, particularly  during  severe  out- 
breaks: (1)  curtailment  or  elimination  of 
elective  admissions,  both  medical  and  sur- 
gical; (2)  restriction  of  cardiovascular  and 
pulmonary  surgery;  (3)  restriction  of  hospi- 
tal visitors,  especially  those  with  acute  res- 
piratory illnesses;  and  (4)  work  restriction 
for  health-care  workers  with  acute  respira- 
tory illness.''^'' 


PART  II.  RECOMMENDATIONS  FOR 

PREVENTION  OF  NOSOCOMIAL 

PNEUMONIA 

The  Hospital  Infection  Control  Practices 
Advisory  Committee 

INTRODUCTION 

The  recommendations  are  presented  ac- 
cording to  the  etiology  of  the  infection,  in 


the  following  order:  bacterial  pneumonia, 
including  Legionnaires"  disease;  fungal 
pneumonia  (aspergillosis);  and  virus-asso- 
ciated pneumonia  (respiratory  syncytial 
virus  [RSV|  and  influenza  infections).  Each 
topic  is  subdivided  according  to  the  follow- 
ing general  approaches  for  nosocomial  in- 
fection control,  as  applicable  to  the  infec- 
tion: 

1 .  staff  education  and  infection  surveillance; 

2.  interruption  of  transmission  of  microorgan- 
isms by  eradicating  infecting  microorganisms 
from  their  epidemiologically  important  reser- 
voirs, and/or  preventing  person-to-person 
transmission;  and 

3.  modifying  host  risk  for  infection. 

As  in  previous  CEX?  guidelines,  each  recom- 
mendation is  categorized  on  the  basis  of  exist- 
ing scientific  evidence.  theoretic;il  rationale, 
applicability,  and  economic  impact.-''— ""'-'*"*' 
However,  the  previous  CDC  system  of  cate- 
gorizing recommendations  has  been  modified 
a.s  follows: 

CATEGORY  lA.  Strongly  recommended 
for  all  hospitals  and  strongly  supported  by 
well-designed  experimental  or  epidemiologic 
studies. 

CATEGORY  IB.  Strongly  recommended 
for  all  hospitals  and  viewed  as  effective  by  ex- 
perts in  the  field  and  a  consensus  of  HICPAC 
based  on  strong  rationale  and  suggestive  evi- 
dence, even  though  definitive  scientific  stud- 
ies may  not  have  been  done. 

CATEGORY II.  Suggested  for  implemen- 
tation in  many  hospitals.  Recommendations 
may  be  supported  by  suggestive  clinical  or 
epidemiologic  studies,  a  strong  theoretical  ra- 
tionale, or  definitive  studies  applicable  to 
some  but  not  all  hospitals. 

NO  RECOMMENDATION:  UNRE- 
SOLVED ISSUE.  Practices  for  which  insuffi- 
cient evidence  or  consensus  regarding  effica- 
cy exists. 

BACTERIAL  PNEUMONU 

/.  Staff  Education  and  Infection  Surveil- 
lance 

A.  Staff  Education 

Educate  health-care  workers  regarding 
nosocomial  bacterial  pneumonias  and  infec- 
tion control  procedures  to  prevent  their  occur- 
rence.''^^-*'  CATEGORY lA 

B.  Surveillance 

1 .  Conduct  surveilliuice  for  bacterial  pneu- 
monia in  ICU  patients  at  high  risk  for  nosoco- 
mial bacterial  pneumonia  (eg,  patients  with 


mechanically  assisted  ventilation,  selected 
postoperative  patients)  to  determine  trends 
and  identify  potential  problems.''-"-'-''''-''''*-''*'' 
Include  data  regarding  the  causative  microor- 
ganisms and  their  antimicrobial  susceptibility 
patterns.-'  Express  data  as  rates  (eg,  number 
of  infected  patients  or  infections  per  100  ICU 
days  or  per  1,000  ventilator-days)  to  facilitate 
intra-hospital  comparisons  and  determine 
trends'***^'  CATEGORY  lA 

2.  Do  not  routinely  pert'omi  surveillance 
cultures  of  patients  or  of  equipment  or  devices 
used  for  respiratory  therapy,  pulmonary-func- 
tion testing,  or  delivery  of  inhalation  anesthe- 
,la  65.M*.6<«  CATEGORY  lA 

11.  Interruption  of  Transmission  of  Micro- 
organisms 

A.  Sterilization  or  Disinfection  and 
Maintenance  of  Equipment  and  Devices 

1.  General  Measures 

a.  Thoroughly  clean  all  equipment  and  de- 
vices to  be  sterilized  or  disinfected.-'*'-'''*''" 
CATEGORYIA 

b.  Sterilize  or  use  high-level  disinfection 
for  semicritical  equipment  or  devices,  ie.  items 
that  come  into  direct  or  indirect  contact  with 
mucous  membnuies  of  the  lower  respiratory 
tract  (See  examples.  Appendix  A).  High-level 
disinfection  can  be  achieved  either  by  wet- 
heat  pasteurization  at  76°C  for  30  minutes  or 
by  using  liquid  chemical  disinfectants  ap- 
proved as  sterilants/disinfectants  by  the 
Environmental  Protection  Agency  and  cleared 
for  marketing  for  use  on  medical  instruments 
by  the  Office  of  Device  Evaluation.  Center  for 
Devices  and  Radiologic  Health.  Food  and 
Drug  Administration.-'"--''---'"--''''''"  Follow 
disinfection  with  appropriate  rinsing,  drying, 
and  packaging,  t;iking  care  not  to  contaminate 
the  items  in  the  process.  CATEGORY  IB 

c.  ( I )  Use  sterile  (not  distilled,  nonstenle) 
water  for  rinsing  reusable  semicritical  equip- 
ment and  devices  used  on  the  respiratory  tract 
after  they  have  been  chemically  disinfect- 
ejl.241  J49j5oa58.»)  CATEGORY  IB 

(2)  No  recommendation  for  using  tap 
water  (as  an  alternative  to  sterile  water)  to 
rinse  reusable  semicritical  equipment  and  de- 
vices used  on  the  respiratory  tract  after  they 
have  been  subjected  to  high-level  disinfection, 
whether  or  not  rinsing  is  followed  by  drying 
with  or  without  the  use  of  aXco- 
hol-^''-*"-'*'-^*^''^^-^'' UNRESOLVED  ISSUE 

d.  Do  not  reprocess  an  equipment  or  de- 
vice that  is  manufacaired  for  single  use  only. 
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unless  data  show  that  reprocessing  the  equip- 
ment or  device  poses  no  threat  to  tlie  patient,  is 
cost-effective,  and  does  not  change  the  sUuc- 
tural  integrity  or  function  of  the  equipment  or 
device."' -"■'  CATEGORY  IB 

2.  Mechanical  \'entilators.  Breathing 
Circuits,  Humidifiers,  and  Heat-Moisture 
Exchangers 

a.  Mechanical  Ventilators 

Do  not  routinely  sterilize  or  disinfect  the 
internal  machinery  of  mechanical  ventila- 
tors.'^'^™ CATEGORY  lA 

b.  Ventilator  Circuits  with  Humidifiers 

( 1 )  Do  not  routinely  change  more  fre- 
quently than  every  48  hours  the  breathing  cir- 
cuit, including  tubing  and  exhalation  valve. 
;ind  the  attached  bubbling  or  wick  humidifier 
of  a  ventilator  that  is  in  use  on  an  individual 
patient.  ^-'*'-'*^^  CATEGORY  lA 

(2)  No  lecnninieiukitiim  for  the  maximum 
length  of  time  after  which  the  breathing  circuit 
and  the  attached  bubbling  or  wick  humidifier 
of  a  ventilator  in  use  on  a  patient  should  be 
changed.-'*"  UNRESOLVED  ISSUE 

(3)  Sterilize  reusable  breathing  circuits 
and  bubbling  or  wick  humidifiers,  or  subject 
them  to  high-level  disinfection  between 
their  uses  on  different  patients.-'''*-'*'--*-'-'^-''' 
CATEGORY  IB 

(4)  Periodically  drain  and  discard  any  con- 
densate that  collects  in  the  tubing  of  a  mechan- 
ical ventilator,  taking  precautions  not  to  allow 
condensate  to  drain  toward  the  patient.  Wash 
hands  after  performing  the  prcxeduit  or  han- 
dling the  fluid.- ''^^^^-»  CATEGORY  IB 

(5)  No  recommemlation  for  placing  a  filter 
or  trap  at  the  distal  end  of  the  expiratory-phase 
tubing  of  the  breathing  circuit  to  collect  con- 
densate.-^^-'*- UNRESOLVED  ISSUE 

(6)  Do  not  place  bacterial  filters  between 
the  humidifier  reservoir  and  the  inspira- 
tory-pha.se  tubing  of  the  breathing  circuit  of  a 
mechanical  ventilator.  CATEGORY  IB 

(7)  Humidifier  fluids 

(a)  Use  .sterile  water  to  fill  bubbling  hu- 
midifieiN. ' '-- ' '  -••''  -'"•»■  CA  TEGORY II 

(b)  Use  sterile,  distilled,  or  tap  water  to  fill 
wick  humidifiers.--*''-^''^  CATEGORY II 

(c)  No  rccomnu'iulalion  for  the  preferen- 
tial use  of  a  closed,  continuous-feed  humitlifi- 
cation  system.  UNRESOLVED  ISSUE 

c.  Ventilator  Breathing  Circuits  with 
Hygroscopic  Condenser-Humidiners  or 
Heat-Moisture  Exchangers 

(\)  No  ivammii'iulation  for  the  prrfea'n- 
lial  use  of  hygroscopic  condenser-huinidifier 
or  heat-moisture  exchanger  rather  than  a  heat- 
ed humidifier  to  prevent  nosocomial  pneuino- 


nnir"''"' UNRESOLVED  ISSUE 

(2)  Change  the  hygroscopic 
condenser-humidifier  or  heat-moisture  ex- 
ch;inger  according  to  manufacturer's  recom- 
mendation and/or  when  evidence  of  gross 
contamination  or  mechanical  dysfunction  of 
the  device  is  present.-'"*  CATEGORY  IB 

(3)  Do  not  routinely  change  the  breath- 
ing circuit  attached  to  a  hygroscopic  con- 
denser-humidifier or  heat-moisture  ex- 
changer while  it  is  in  use  on  a  patient.-'"*"" 
CATEGORY  IB 

3.  Wall  Humidifiers 

a.  Follow  manufacturers'  instructions  for 
use  and  maintenance  of  wall  oxygen  humid- 
ifiers unless  data  show  that  the  modification 
in  their  use  or  maintenance  poses  no  tfireat 
to  the  patient  and  is  cost-effective."'*"''™ 
CATEGORYIB 

b.  Between  patients,  change  the  tubing,  in- 
cluding any  nasal  prongs  or  mask,  used  to  de- 
liver oxygen  ft-om  a  wall  outlet.  CATEGORY 
IB 

4.  Small-Volume  Medication  Nebuli- 
zers: "In-line"  and  Hand-Held  Nebulizers 

a.  ( 1 )  Between  treatments  on  the  same  pa- 
tient, disinfect,  rinse  with  sterile  water,  or 
air-dry  small-volume  medication  nebuliz- 
ers.-^--'^'* CATEGORYIB 

(2)  No  recommendation  for  using  tap 
water  as  an  alternative  to  sterile  water  to  iin.se 
reusable  small-volume  medication  nebulizers 
between  treatments  on  the  same  pa- 
tient.-^--'"-^'  UNRESOLVED  ISSUE 

b.  Between  patients,  replace  nebulizers 
with  those  that  have  undergone  sterilization  or 
high-level  disinfecfion.'*'-*'-"-""™'  CATE- 
GORYIB 

c.  Use  only  sterile  fluids  for  nebulization. 
and  dispense  these  fluids  aseptieally.-"* 
341  j4.mu,«jw.«M  CATEGORY  lA 

d.  If  multidose  medication  vials  are  used, 
handle,  dispense,  ;md  stone  them  accoixiing  to 
manufacturers'  instnictions.-"*™-'**"*- CATE- 
GORYIB 

5.  Large- Volume  Nebulizers  and  Mist 
Tents 

a.  Do  not  use  large-volume  room-air  hu- 
midifiel^  that  create  aerosols  (eg,  by  ventun 
principle,  ultrasound,  or  spinning  liisk)  anil 
thus  ;ire  really  nebulizers,  unless  they  can  be 
sterilized  or  subjected  to  high-level  disinfec- 
tion at  lea.st  daily  ;uid  filled  only  with  sterile 
water.-*"  -■• '  ^-'•i.mm  (-4  tEGORY  I  A 

b.  Sterilize  htrge-volume  nebulizers  that 
;ia"  irscd  for  inhalation  thenipy.  eg.  for  tni- 
cheostomizeil  patients,  or  subject  thcni  to 
high-level  disinlection  between  patients  and 


after  every  24  hours  of  use  on  tine  same  pa- 
lient.'-"  '-'*'-'"  CATEGORYIB 

c.  ( 1 )  Use  mist-tent  nebulizers  and  reser- 
voirs that  have  undergone  sterilization  or 
high-level  disinfection  and  replace  them  be- 
tween patients.**"  CATEGORYIB 

(2)  No  recomniendiition  reg;uding  the  fre- 
quency of  changing  mist-tent  nebulizers  and 
reservoirs  while  in  use  on  one  patient.  UNRE- 
SOLVED ISSUE 

6.  Other  Devices  Used  in  Association 
with  Respiratory  Therapy 

a.  Between  patients,  sterilize  or  subject  to 
high-level  disinfection  portable  respirometers. 
oxygen  sensor's.  ;ind  other  respiratory  devices 
used  on  multiple  patients.-"--''*  CATEGORYIB 

b.  ( 1 )  Between  patients,  sterilize  or  subject 
to  high-level  disinfection  reusable  hand-pow- 
ered resuscitation  bags  (for  example.  Ambu 
bags).-""""  CATEGORY  lA 

(2)  No  recommendation  regarding  the  fre- 
quency of  changing  hydrophobic  filters 
placed  on  the  connection  port  of  resuscitation 
bags.  UNRESOLVED  ISSUE 

7.  Anesthesia  Machines  and  Breathing 
Systems  or  Patient  Circuits 

a.  Do  not  routinely  sterilize  or  disinfect  the 
internal  machinery  of  anesthesia  equip- 
ment."" CAreGO«}//l 

b.  Clean  and  then  sterilize  or  subject  to 
high-level  liquid  chemical  disinfection  or  pas- 
teurization reusable  components  of  the  breath- 
ing system  or  patient  circuit  (eg.  tracheal  tube 
or  face  mask:  inspiratory  and  expiratory 
breathing  ttibing;  Y-piece;  reservoir  bag:  hu- 
midifier and  tubing)  between  uses  on  different 
patients,  by  following  the  device  manufactur- 
er's  instructions  for  their  reprocess- 
ing.-"i-^-*'-"^'*'  CATEGORYIB 

c.  No  recommendation  for  the  frequency 
of  routinely  cleaning  and  disinfecting  unidi- 
rectional valves  and  carixin  dioxide  absorber 
chambers."'' ""  UNRESOLVED  ISSUE 

d.  Follow  published  guidelines  antl/or 
manufactureis'  instructions  regimJing  in-use 
maintenance,  cleaning,  and  disinfection  or 
steriliz.ation  of  other  components  or  attach- 
ments of  the  breathing  system  or  patient  cir- 
cirit  of  anesthesia  equipment."""**  CATEGO- 
RY IB 

e.  Peiiixlically  drain  and  discard  any  con- 
ilensate  that  collects  in  the  tubing  of  a  breath- 
ing eireuil.  taking  precautions  not  to  allow 
conilensale  to  itr-ain  towiuxl  the  patient.  After 
perfomiing  the  procedure  or  handling  the 
fluid,  wash  hands  witli  soap  ;uid  water  or  with 
a  waterless  handwashing  prepara- 
U^m.-"^'''"-^'-'^' CATEGORY  IB 
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f.  No  recomineiutatkm  for  placing  a  bacte- 
rial filter  in  the  breathing  system  or  patient  cir- 
cuit of  anesthesia  equipment.'"'-'"*-'-'"'-*-'** 
UNRESOLVED  ISSUE 

8.  Pulmonary-Function  Testing 
Equipment 

a.  Do  not  routinely  sterilize  or  disinfect  the 
internal  machinery  of  pulmonary-function 
testing  machines  between  uses  on  different 
patients. '-"-» CATEGORY  II 

b.  Sterilize  or  subject  to  high-level  liquid 
chemical  disinfection  or  pasteurization 
reusable  mouthpieces  and  tubings  or  connec- 
tors between  uses  on  different  patients,  OR 
follow  device  manufacturer's  instructions  for 
their  reprocessing.-"'-^' ■*'-*'  CATEGORY  IB 

B.  Interruption  of  Person-to-Person 
Transmission  of  Bacteria 

1.  Handwashing.  Wa.sh  hands  after  con- 
tact with  mucous  membranes,  respiratory  se- 
cretions, or  objects  contaminated  with  respira- 
tory secretions,  whether  or  not  gloves  are 
worn.  Wash  hands  before  and  after  contact 
with  a  patient  who  has  an  endotracheal  or  tra- 
cheostomy tube  in  place,  and  before  and  after 
contact  with  any  respiratory  device  that  is  used 
on  the  patient,  whether  or  not  gloves  are 
wom.-"'-^'-"*-^'''-^"-'*''-'*»'C/4reGO«}'M 

2.  Barrier  Precautions 

a.  Wear  gloves  for  handling  respiratory  se- 
cretions or  objects  contaminated  with  respira- 
tory secretions  of  any  patient.-''--'  CATEGO- 
RY lA 

b.  Change  gloves  and  wash  liands  be- 
tween patients;  after  handling  respiratory  se- 
cretions or  objects  containinated  with  secre- 
tions from  one  patient  and  before  contact 
with  another  patient,  object,  or  environmen- 
tal surface;  and  between  contacts  with  a  con- 
taminated body  site  and  respiratory  tract  of, 
or  respiratory  device  on,  the  same  pa- 
tient.--"--**-"' CATEGORY  lA 

c.  Wear  a  gown  when  soiling  with  respira- 
tory secretions  from  a  patient  is  anticipated, 
and  change  the  gown  after  such  contact  and 
before  providing  care  to  another  patient.-'' 
CATEGORYIB 

3.  Care  of  Patients  with  Tracheostomy 

a.  Perform  tracheostomy  under  sterile  con- 
ditions. CAreGORy/B 

b.  When  changing  a  tracheostomy  tube, 
use  aseptic  technique  and  replace  the  tube 
with  one  that  has  undergone  sterilization  or 
high-level  disinfection.  CATEGORYIB 

4.  Suctioning  of  Respiratory  Tract 
Secretions 


a.  No  reconiineiukition  for  wearing  sterile 
rather  than  clean  gloves  when  suctioning  a  pa- 
tient's respiratory  secretions.  UNRESOLVED 
ISSUE 

b.  If  the  open  suction  system  is  employed, 
use  a  sterile  single-use  catheter.  CATEGORY II 

c.  U.se  only  sterile  fluid  to  remove  secre- 
tions fi-om  the  suction  catheter  if  the  catheter  is 
to  be  u.sed  for  re-entry  into  the  patient's  lower 
respiratory  tract.**"  CATEGORYIB 

d.  No  recoimnendutkm  for  preferential  use 
of  the  multi-use  closed-system  suction 
catheter  or  the  single-use  open-system 
catheter  for  prevention  of  pneumonia.-"'^-'™-'"' 
UNRESOLVED  ISSUE 

e.  Change  suction  collection  tubing  (up  to 
the  canister)  between  patients.  CATEGORYIB 

f.  Change  suction  collection  canisters  be- 
tween uses  on  dift'erent  patients  except  when 
used  in  short-temi  care  units.  CATEGORYIB 

III.  Modifying  Host  Risk  for  Infection 

A.    Precautions    for    Prevention    of 
Endogenous  Pneumonia 

Discontinue  enleral-tube  feeding  and  re- 
move devices  such  as  endotracheal,  tra- 
cheostomy, and/or  enteral  (ie,  oro-  or  nasogas- 
tric, or  jejunal)  mbes  from  patients  as  soon  as 
the  clinical  indications  for  these  are  re- 

SOlved.''-«-35.S5-S7.1 17.l83,l8.'i.l86.202.6M  CATEGORY 

IB 

L  Prevention  of  Aspiration  Associated 
with  Enteral  Feeding 

a.  If  there  is  no  contraindication  to  the  ma- 
neuver, elevate  at  an  angle  of  30-45°  the  head 
of  the  bed  of  a  patient  at  high  risk  of  aspiration 
pneumonia,  eg.  a  person  receiving  mechani- 
cally assisted  ventilation  and/or  has  an  enteral 
tube  in  place.""*-"  CATEGORYIB 

b.  Routinely  verify  appropriate  placement 
of  the  feeding  tube.'*'-'**  CATEGORYIB 

c.  Routinely  assess  the  patient's  intestinal 
motility  (eg.  by  auscultating  for  bowel  sounds 
and  measuring  residual  gastric  volume  or  ab- 
dominal girtli)  and  adjust  the  rate  and  volume 
of  enteral  feeding  to  avoid  regurgitation.''''- 
CATEGORYIB 

d.  No  lecominenckition  for  the  preferential 
u,se  of  small-bore  tubes  for  enteral  feeding.'*" 
UNRESOLVED  ISSUE 

e.  No  recommendation  for  administering 
enteral  feeding  continuously  or  intermittent- 
ly.™ ''"'•**  UNRESOLVED  ISSUE 

i.  No  recommendation  for  preferentially 
placing  the  feeding  tubes,  eg,  jejunal  tubes. 


distal  to  the  pylorus.'"'--""  UNRESOLVED 
ISSUE 

2.  Prevention  of  Aspiration  Associated 
with  Endotracheal  Intubation 

a.  No  recommendation  for  using  orotra- 
cheal rather  than  nasotracheal  tube  to  prevent 
nosocomial  pneumonia.'"'"  UNRESOLVED 
ISSUE 

b.  No  recommendation  for  routinely  using 
an  endotracheal  tube  with  a  dorsal  lumen 
above  the  endotracheal  cuff  to  allow  drainage 
(by  suctioning)  of  tracheal  secretions  that  ac- 
cumulate in  the  patient's  subglottic  area.-™ 
UNRESOLVED  ISSUE 

c.  Before  deflating  the  cuff  of  an  endo- 
tracheal tube  in  preparation  for  tube  re- 
moval, or  before  moving  the  tube,  ensure 
that  secretions  ;ire  cleared  from  above  the 
mbe  cuff.  CATEGORYIB 

3.  Prevention  of  Gastric  Colonization 

a.  If  stress-bleeding  prophylaxis  is  needed 
for  a  patient  with  mechanically  assisted  venti- 
lation, use  an  agent  that  does  not  raise  the  pa- 
tient's gastric  pH.--"-"--'"*'--'-"'-'^  CATfiGO- 
RYII 

b.  No  recommendation  for  selective  de- 
contamination of  a  critically  ill,  mechanically 
ventilated,  or  ICU  patient's  digestive  tract 
with  oral  and/or  intravenous  antimicrobials  to 
prevent  gram-negative  bacillary  (or  Candida 
f,pp.)pne\imoma.'^>™  UNRESOLVED  ISSUE 

c.  No  recommendation  for  routine  acidifi- 
cation of  gastric  feedings  to  prevent  nosoco- 
mial pneumonia."*'  UNRESOLVED  ISSUE 

B.  Prevention  of  Postoperative  Pneumonia 

1.  Instruct  preoperative  patients,  espe- 
cially those  at  high  risk  of  developing  pneu- 
monia, regarding  frequent  coughing,  taking 
deep  breaths,  and  ambulating  as  soon  as 
medically  indicated  in  the  postoperative  pe- 
riod.'-*"  '^'*  High-risk  patients  include  those 
who  will  receive  anesthesia,  especially  those 
who  will  have  an  abdominal,  thoracic,  head, 
or  neck  operation,  or  who  have  substantial 
pulmonary  dysfunction,  such  as  patients 
with  chronic  obstructive  lung  disease,  a 
musculoskeletal  abnormality  of  the  chest,  or 
abnormal  pulmonai^  function  tests.'-" -'-'-*- 
"""*  CATEGORYIB 

2.  Encourage  postoperative  patients  to 
cough  frequently,  take  deep  breaths,  move 
about  the  bed,  and  anibulate  unless  it  is  med- 
ically contraindicated.'^'''*"'*  CATEGORY 
IB 

}.  Control  pain  that  interferes  with  cough- 
ing and  deep  breatliing  during  the  immediate 
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postoperali\e  periixi  b>'  using  systemic  aii;il- 
gesia,'-''-''"  including  patient-controlled  anal- 
gesia."'"'^'^  with  as  little  cough-suppressant  ef- 
fect as  possible:  appropriate  support  for  ab- 
dominal wounds,  such  as  tightly  placing  a 
pillow  across  the  abdomen;  or  regional  (eg, 
epidural)  analgesia.'*'*  CATEGORY  IB 

4.  Use  an  incentive  spirometer  or  inter- 
mittent positive  pressure  breathing  on  pa- 
tients at  high  risk  of  developing  postopera- 
ti\e  pneumonia."'* '■'-■'■"•'■'''•'■"'■'''"*  (See 
III-B-1  above  for  definition  of  high-risk  pa- 
tients.) C/ireGOfty// 

C.  Other  Prophylactic  Procedures  for 
Pneumonia 

1.  Vaccination  of  Patients.  Vaccinate  pa- 
tients at  high  risk  for  complications  of  pneu- 
mococcal infections  with  pneumococcal 
polysaccharide  vaccine.  High-risk  patients  in- 
clude persons  >  65  years  old:  adults  with 
chronic  cardiovascular  or  pulmonary  disease, 
diabetes  mellitus,  alcoholism,  cirrhosis,  or 
cerebrospinal  fluid  leaks;  and  children  and 
adults  with  iinmunosuppression,  functional  or 
anatomic  asplenia,  or  HIV  infection.'*--'^ 
CATEGORYIA 

2.  Antimicrobial  Prophylaxis.  Do  not 
routinely  administer  systemic  iintimicrobial 
agents  to  prevent  nosocomial  pneumo- 
nia."" •2'" -"^-""■'"^  C4  recow  y  M 

3.  Use  of  Rotating  "Kinetic"  Beds  or 
Continuous  Lateral  Rotational  Therapy. 
No  recommendation  for  the  routine  use  of 
"kinetic"  beds  or  continuous  lateral  rotation- 
al therapy  (ie,  placing  patients  on  beds  that 
turn  on  their  longitudinal  axes  intermittently 
or  continuously)  for  prevention  of  nosocomi- 
al pneumonia  in  patients  in  the  ICU,  critical- 
ly ill  patients,  or  patients  immobilized  by  ill- 
ness and/or  trauma."- """'  UNRESOLVED 
ISSUE 

PREVENTION  AND  CONTROL  OF 
LECIONNAIRKS'  DISEASE 

/.  Staff  Education  and  Infection 
Surveillance 

A.  Staff  Kxlucation 

Lducalc  ( 1 )  physici;uis  to  heighten  their 
suspicion  for  cases  of  noscKomial  Legion- 
naiiics"  disea.sc  and  to  use  appropriate  methcxis 
for  its  diagnosis,  and  (2)  patient-care, 
infection-control,  and  engineering  personnel 
about  measures  to  control  nosocomial  Ic- 
gionellosis.'''"*^'Or/'£«-»K)7/l 

B.  Surveillance 

1 .  Establish  mechanism(s)  to  provide  clin- 


icians with  appropriate  laboratory  tests  for  the 
diagnosis  of  Legionnaires"  disease.'*'"'''"^""*'*' 
CATEGORYIA 

2.  Maintain  a  high  index  of  suspicion  for 
the  diagnosis  of  noscKomial  Legionnaires' 
disease,  especially  in  patients  who  are  at 
high-risk  of  acquiring  the  disea.se  (patients 
who  are  immunosuppressed,  including 
organ-transplant  patients,  patients  with  AIDS, 
and  patients  receiving  systemic  steroids;  are  > 
65  years  of  age;  or  have  chronic  underlying 
disease  such  as  diabetes  mellitus,  congestive 
heart  failure,  and  chronic  obstnictive  lung  dis- 
gasg)  .w.«J(«),4<i:-4<i(,.4i:  R^fer  (o  the  accompa- 
nying background  document  for  definition  of 
nosocomial  legionellosis.  CATEGORY  II 

3.  No  recommendation  for  routinely  cul- 
turing   water  systems   for  Legionella 

^pp27l.385.429.4.13.43.\4.1f,,43«-44(l,4S<,.7.l";j;^^£.. 

SOLVED  ISSUE 

II.  Interruption  of  Transmission  of 
Legionella  Spp. 

A.  Primary  Prevention  (Preventing 
Nosocomial  I^egionnaires'  Disease  When 
No  Cases  Have  Been  Documented) 

1.  Nebulization  and  Other  Devices 

a.  (1)  Use  sterile  (not  distilled,  nonsterile) 
water  for  rinsing  nebulization  devices  and 
other  semicritical  respiratory-care  equipment 
after  they  have  been  cleaned  and/or  disinfect- 
gj  iw^7i  7(»,  CATEGORY  IB 

(2)  No  recommendation  for  using  tap 
water  as  an  alternative  to  sterile  water  to 
rinse  reusable  semicritical  equipment  and 
devices  used  on  the  respiratory  tract,  after 
they  have  been  subjected  to  high-level  disin- 
fection, whether  or  not  rinsing  is  followed 
by  drying  with  or  without  the  use  of  alcohol. 
UNRESOLVED  ISSUE 

b.  Use  only  sterile  (not  distilled,  nonsterile) 
water  to  fill  resenoirs  of  devices  used  for  neb- 
ulization.--»i-'--*--^i"'"C4raYrf>«yM 

c.  Do  not  use  large-volume  room-air  hu- 
midifiers that  create  aerosols  (eg,  by  venturi 
principle,  ultiusound,  or  spinning  disk)  and 
thus  ;uc  really  nebulizers,  unless  they  ciui  be 
sterilized  or  subjected  to  high-level  disinfec- 
tion daily  ;ind  filled  on\y  with  sterile  water. -■*- 
^"^  CATEGORY  I A 

2.  CiH)ling  Towers 

a.  When  a  new  hospital  building  is  con- 
structed, place  c(X)ling  towerts)  in  such  a  way 
that  tlie  tower  drift  is  directed  away  lixim  the 
hospital's  air-inl;ike  system,  and  design  the 
ciHilingloweiN  such  that  lhc\'oliinic  of  aerosol 


diift  is  minimized.-'-  ""  CATEGORY  IB 

b.  For  operational  cixiling  towers,  install 
drift  eliminators,  regularly  use  an  effective 
biocide,  maintain  the  tower  according  to  man- 
ufacturers' recommendations,  and  keep  ade- 
quate maintenance  records.  (See  Appendix 
U  )4:246»7(i8  CATEGORY  IB 

3.  Water-Distribution  System 

a.  No  recoinmciulation  for  routinely  main- 
taining potable  water  at  the  outlet  at  >  50°C  or 
<  2()°C,  or  chlorinating  heated  water  to 
achieve  1  -2  mg/L  free  residual  chlorine  at  the 

,yp  W^.42g.44(l.447-15(l  UNRESOLVED  ISSUE 

b.  No  recommendation  for  treatment  of 
water  with  ozone,  ultraviolet  light,  or 
heavy-metal  ions.^i'*^'**  UNRESOLVED 
ISSUE 

B.  Secondary  Prevention  (Response  to 
Identification  of  Laboratory-Confirmed 
Nosocomial  I^onellosis) 

Wlien  a  single  case  of  laboratory-con- 
fimied,  definite  nosocomial  Legionnaires'  dis- 
ease is  identified,  OR  if  two  or  more  ca.ses  of 
laboratory-confinned,  possible  noscKomial 
Legionnaires'  disease  occur  within  6  months 
of  each  other  (refer  to  background  document 
for  definition  of  definite  and  possible  nosoco- 
mial Legionnaires'  disease.): 

1.  Contact  the  Ux-al  or  state  health  de- 
p;irtment  or  the  CDC  if  the  disease  is  re- 
ponable  in  the  state  or  if  assistance  is  need- 
ed. CATEGORY  IB 

2.  If  a  case  is  identified  in  a  severely  im- 
munoconiprt)mised  patient  such  as  an 
organ-U^ansplant  recipient.  OR  if  the  hospital 
hou.ses  severely  immunocompromised  pa- 
tients, conduct  a  combined  epidemiologic 
and  environmental  investigation  (as  outlined 
from  II-B-3-b-l  through  II-B-5,  below)  to 
detemiine  the  source(s)  of  Lef;ionellu  spp. 
CATEGORY  IB 

3.  If  the  hospital  dix;s  not  house  severely 
immunocompromised  patients,  conduct  ;in 
epidemiologic  investigation  via  a  retrospec- 
tive revie\\'  of  microbiologic,  serologic,  and 
[lostmonein  data  to  identify  previous  cases, 
and  begin  an  intensive  pmspective  surveil- 
lance for  additional  cases  of  nosocomial 
Lx"gionnaiivs'  disease.  CATEGORY  IB 

a.  If  there  is  no  evidence  of  continued 
iiosoi'omial  transmission,  conliiuic  tlic  inten- 
si\e  prosix'ctive  surveillance  (as  in  ll-B-3, 
above)  for  at  least  2  montlis  after  suneillance 
Wiislx'^im  CATEGORY II 

I).  If  there  is  evidence  of  continued 
transmission: 
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( 1 )  Conduct  aji  envimimiental  investiga- 
tion to  determine  tlie  sourL'e(s)  of  Legionella 
spp.  by  collecting  water  samples  from  poten- 
tial sources  of  aerosolized  water,  following  the 
methods  described  in  Appendix  C  and  saving 
and  subtyping  isolates  of  Legionella  spp.  ob- 
tained from  patients  and  environ- 
ment.-^'-*^--'-'*^'-^'^  CAreGOR^/B 

(2)  If  a  source  is  not  identified,  continue 
surveillance  for  new  cases  for  at  least  2 
months,  and,  depending  on  the  scope  of  the 
outbreak,  decide  on  either  deferring  decon- 
tamination pending  identification  of  the 
source(s)  of  Legionella  spp.,  or  proceeding 
with  decontamination  of  the  hospital's  water 
distribution  system,  with  special  attention  to 
the  specific  hospital  areas  involved  in  the  out- 
break. C/irfGORK// 

(3)  If  a  source  of  infection  is  identified  by 
epideiniologic  ;uid  environmental  investiga- 
tion, promptly  decontaminate  it.*"  CATEGO- 
RY IB 

(a)  If  the  heated- water  system  is  impli- 
cated: 

i.  Decontaminate  the  heated-water  system 
either  by  superheating  (flushing  for  at  least  5 
minutes  each  distal  outlet  of  the  system  with 
water  at  >  65 °C).  OR  by  hyperchlorination 
( flushing  for  at  least  5  minutes  all  outlets  of  the 
system  with  water  containing  >  10  mg/L  free 
residual  chlorine j."'^""'''-"''"''''''  Post  warning 
signs  at  each  outlet  being  flushed  to  prevent 
scald  injury  to  patients,  staff,  or  visitors.  CAT- 
EGORYIB 

ii.  Depending  on  local  and  state  regulations 
regarding  potable  water  temperature  in  public 
buildings,''*  maintain  potable  water  at  the  out- 
let at  >  50°C  or  <  20°C,  or  chlorinate  heated 
water  to  achieve  1  -2  mg/L  free  residual  chlo- 
rine at  the  tap  in  hospitals  housing  patients  who 
are  at  high  risk  of  acquiring  nosocomial  le- 
gionellosis  (eg.  immunocompromised  pa- 
trenls).*^-'-'^'^-"^-'^'(See  Appendix  B.iCAreCO- 
RYII 

iii.  No  recommeiukition  for  treatment  of 
water  with  ozone,  ultraviolet  light,  or 
heavy-metal  ions.""**"*'**  UNRESOLVED 
ISSUE 

iv.  Clean  hot-water  storage  tanks  and  wa- 
terheaters  to  remove  accumulated  scale  and 
sediment.""  CATEGORY  IB 

V.  Restrict  immunocompromised  patients 
from  taking  showers,  and  use  only  sterile 
water  for  their  oral  consumption  until 
Legionella  spp.  become  undetectable  by  cul- 
ture in  the  hospital  water.^ "'  C^reOOR)'// 

(b)  If  cooling  towers  or  evaporative  con- 
densers are  implicated,  decontaminate  the 


cooling-tower  system  using  the  protocol  out- 
lined in  Appendix  D.*^  CATEGORY  IB 

(4)  Assess  the  efficacy  of  implemented 
measures  in  reducing  or  eliminating 
Legionella  spp.  by  collecting  specimens  for 
culture  at  2-week  intervals  for  3  months.  CAT- 
EGORYII 

(a)  If  Legionella  spp.  are  not  detected  in 
cultures  during  3  months  of  monitoring,  col- 
lect cultures  monthly  for  another  3  months. 
CATEGORY  II 

(b)  If  Legionella  spp.  are  detected  in  one 
or  more  cultures,  reassess  the  implemented 
control  measures,  modify  them  accordingly, 
and  repeat  decontamination  procedures. 
Options  for  repeat  decontamination  include 
the  intensive  use  of  the  same  technique  uti- 
lized for  initial  decontamination,  or  a  combi- 
nation of  superheating  and  hyperchlorina- 
tion. C/ir£GORy// 

(5)  Keep  adequate  records  of  all  infection 
control  measures,  including  maintenance  pro- 
cedures, and  of  environmental  test  results  for 
cooling  towers  and  potable-water  systems. 
CATEGORYU 

PREVENTION  AND  CONTROL  OF 

NOSOCOMIAL  PULMONARY 

ASPERGILLOSIS 


/.  Staff  Education  and  Infection  Surveil- 
lance 

A.  Staff  Education 

Educate  health-care  workers  regarding 
nosocomial  pulmonary  aspergillosis  especial- 
ly in  immunocompromised  patients,  and 
about  infection  control  procedures  to  decrease 
its  occurrence.'''''-^'  CATEGORY lA 

B.  Surveillance 

1 .  Maintain  a  high  index  of  suspicion  for 
the  diagnosis  of  nosocomial  pulmonary  as- 
pergillosis in  high-risk  patients,  ie,  patients 
with  prolonged,  severe  granulocytopenia  (< 
1,000  polymorphonuclear  cells/mm'  for  2 
weeks  or  <  1 00  polymorphonuclear  cells/mm' 
for  1  week),  most  notably  bone-marrow  trans- 
plant recipients.'''--^'-'"''  Consider  solid-organ 
transplant  recipients  and  patients  with  hema- 
tologic malignancies  who  are  receiving 
chemotherapy  also  to  be  at  high  risk  of  de- 
veloping the  infection  when  they  are  .severe- 
ly granulocytopenic  as  defined  above.''^' 
^^^^-^^"  CATEGORY  IB 

2.  Maintain  surveillance  for  cases  of 


nosocomial  pulmonary  aspergillosis  by  peri- 
odically reviewing  the  hospital's  microbio- 
logic, histopathologic,  and  postmortem  data. 
CATEGORYIB 

3.  No  recommendalion  for  performing 
routine,  periodic  cultures  of  the  nasopharynx 
of  high-risk  patients,  or  devices,  air  samples, 
dust,  ventilafion  ducts,  and  filters  in  rooms  oc- 
cupied by  high-risk  patients.'*-'^'''''"*''*'''*'*-^-' -''-' 
UNRESOLVED  ISSUE 

II.  Interruption  of  Transmission  of 
Aspergillus  Spp.  Spores 

A.  Planning  New  Specialized-Care  Units 
for  High-Risk  Patients 

1.  When  constructing  new 
specialized-care  units  for  high-risk  pa- 
tients, ensure  that  patient  rooms  have  ade- 
quate capacity  to  minimize  fungal  spore 
counts  via  maintenance  of  (a)  high-efficiency 
air  filtration,  (b)  directed  room  airflow,  (c) 
positive  air  pressirre  in  patient's  room  in  rela- 
tion to  the  corridor,  (d)  properly  sealed  room, 
and  (e)  high  rates  of  room-air 
changes.-'7«»-«i.534.s38,7i  1,712  CATEGORY  IB 

a.  Air  filtration.  Install  high  efficiency  par- 
ticulate air  (HEPA)  filters  that  are  99.97%  ef- 
ficient in  filtering  0.3/j-sized  particles,  either 
centrally  or  at  the  point  of  use,  ie,  at  the 
room-air  intake  site.-*"-'-^  '^"-'^"-'^"'■^'  '^'-  CATE- 
GORYIB 

b.  Directed  room  airflow.  Place  air-intake 
and  exhaust  ports  such  that  room  air  comes  in 
finm  one  side  of  the  room,  flows  across  the 
patient's  bed,  and  exits  on  the  opposite  side  of 
the  room.""-'"  CATEGORYIB 

c.  Well-sealed  room.  Construct  windows, 
doors,  and  intake  and  exhaust  ports  to  achieve 
complete  sealing  of  the  room  against  air 
leaks.'*-'"  CATEGORYIB 

d.  Room-air  pressure.  Ensure  that 
room-air  pressure  can  be  maintained  continu- 
ously above  that  of  corridor,  eg,  as  can  be 
demonstrated  by  performance  of  the 
smoke-tube  test,  unless  there  are  clinical-care 
or  infection-control  contraindications  to  doing 
so.""-'"  CATEGORYIB 

( 1 )  To  maintain  positive  room-air  pressure 
in  relation  to  the  corridor,  supply  itwm  air  at  a 
rate  that  is  10-20%  more  than  the  rate  of  ex- 
hausting air  from  the  room.""-'"  CATEGORY 
IB 

(2)  For  placement  of  patients  at  high  risk 
of  aspergillosis  who  also  have  an  infection 
(eg,  varicella  or  infectious  tuberculosis)  re- 
quiring negative  room-air  pressure  in  relation 
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to  the  corridor,  provide  optimal  conditions  to 
prevent  the  spread  of  the  airborne  infection 
from  and  acquisition  of  aspergillosis  by  the 
patient,  eg.  by  providing  anterooms  with  an 
independent  exhaust.-^"'  CATEGORY II 

e.  Room-air  changes.  Maintain  room-air 
changes  at  >  1 2  per  hour. '  '^"'  5'«"  CA  TEGO- 
RYII 

2.  No  recommendation  for  the  preferential 
installation  of  a  particular  system,  such  as  one 
with  ultra-high  air  change  rates  (100-400  per 
hour),  eg,  laminar  airflow,  over  other  systems 
that  meet  the  conditions  in  H-A-l-a  through 
II-A-l-e  above.-»^-»-"''-"''5»^'"""-^'2  UNRE- 
SOLVED ISSUE 

3.  Formulate  hospital  policies  to  minimize 
e.xposures  of  high-risk  patients  to  potential 
sources  of  Aspergillus  spp..  such  as  hospital 
construction  and  renovation,  cleaning  activi- 
ties, carpets,  food,  potted  plants,  and  flower  ar- 
rangements.*'*^-'-'-'"*'^ ' ' ' "  CA  TEGORYIB 

4.  No  recommendation  for  prophylactic  ase 
of  copper-8-quinolinolate  biocide  in  fireproof- 
ing  material.*'-'"-'"'-''*  UNRESOLVED  ISSUE 

B.  In  Existing  Facilities  with  No  Cases  of 
Nosocomial  Aspergillosis 

1 .  Place  high-risk  patients  in  protected  en- 
vironment that  meets  the  conditions  outlined 
in  Section  Il-A-l-a  through  II-A-l-e 
above.™*'-'-^-'*"  '■"-""  CATEGORY  IB 

2.  Routinely  inspect  air-handling  systems 
in  high-risk  patient-care  areas,  maintain  ade- 
quate air  exchanges  and  pressure  differentials, 
and  eliminate  air  leakages.  Coordinate  repairs 
of  the  system  with  relocation  of  high-risk  pa- 
tients to  other  areas  with  optimal  air-handling 
capabilities.*'-"™  *"  CA  7'£GO«)' /B 

?i.  Minimize  the  time  high-risk  patients 
spend  outside  their  rooms  for  diagnostic  pro- 
cedures and  other  activities;  and  when 
high-risk  patients  leave  their  rooms,  require 
them  to  wear  well-fitting  masks  capable  of  fil- 
tering Asi)eri;illiis  spp.  spores.  CATEGORY  IB 

4.  Prevent  dust  accumulation  by  daily 
damp-dusting  horizontal  suifaces,  regularly 
cleaning  ceiling  tiles  and  air-duct  grates  when 
the  r(H)ms  ;ire  not  occupied  by  patients,  and 
maintaining  adequate  seals  on  windows  to 
prevent  riK)m  infiltration  by  outside  air,  espe- 
cially in  areas  occupied  by  patients  at 
high-risk  for  developing  aspergillosis.-"' 
CATEGORY  IB 

5.  Systematically  review  and  coordinate 
infection-control  strategies  with  personnel 
in  charge  ol  hospital  engineering,  mainte- 
nance, central  supply  and  distribution,  and 


catenng." 


'  CATEGORY  IB 


6.  When  planning  hospital  constmction 
and  renovation  activities,  assess  whether  pa- 
tients at  high-risk  for  aspergillosis  ;ire  likely  to 
be  exposed  to  high  ambient-air  spore  counts 
of  Aspergillus  spp.  from  construction  and  ren- 
ovation sites,  and  develop  a  plan  to  prevent 
such  exposures.*'-'-'  CATEGORY  IB 

7.  During  construction  or  renovation  activ- 
ities: 

(a)  Construct  barriers  between  patient-care 
and  constmction  areas  to  prevent  dust  from 
entering  patient-care  areas;  these  barriers,  (eg, 
plastic  or  drywall)  should  be  impermeable  to 
Aspergillus  spp.*'™-'—'-'  CATEGORY  IB 

(b)  In  constmction/renovation  areas  inside 
the  hospital,  create  and  maintain  negafive 
pressure  relative  to  that  in  adjacent 
patient-care  areas  if  there  are  no  contraindica- 
tions for  such  pressure  differential,  eg,  there 
are  patients  with  infectious  tuberculosis  in  the 
adjacent  patient-care  areas.-"''-""-'"-'-'-'" 
CATEGORYII 

(c)  Direct  pedestrian  traffic  from  constmc- 
tion areas  away  from  patient-care  areas  to 
limit  opening  and  closing  of  doors  (or  other 
barriers)  that  may  cause  dust  dispersion,  entry 
of  contaminated  air,  or  tracking  of  dust  into 
patient  areas.*'-'"'*-'—'-'  CATEGORY  IB 

(d)  Clean  newly  consUoicted  areas  before 
allowing  patients  to  enter  the  areas.*'-'-' 
CATEGORYIB 

8.  Eliminate  exposures  of  patients  at 
high-risk  for  aspergillosis  to  activities,  such  as 
floor  or  carpet  vacuuming,  that  may  cause 
spores  of  Aspergillus  spp.  and  other  fungi  to 
be  aerosolized.*'*'-'-'  CATEGORYIB 

9.  Eliminate  exposures  of  patients  at 
high-risk  for  aspergillosis  to  potential  environ- 
mental sources  of  Aspergillus  spp.,  such  as 
/^.v/je^-^ij/Z/i/.s-contaminated  food,  potted  plants, 
or  flower  arrangements.*'--"*'-'-'-"""  CATE- 
GORYII 

10.  Prevent  birds  from  gaining  access  to 
hospital  air-intake  ducts.'--*  CATEGORYIB 

C.    When    a    Case    of    Nosocomial 
AspergillosLs  Occurs 

1 .  Begin  a  prospective  se;irch  for  addition- 
al cases  in  hospitalized  patients  and  an  intensi- 
fied retrospective  review  of  the  hospital's  mi- 
crobiologic, histopathologic,  ;uid  postmoilcm 
records.  CATEGORYIB 

2.  W  there  is  no  evidence  of  continuing 
transmission,  continue  routine  maintenance 
pnK'cdures  to  prevciil  nosiK'omial  as[vrgillo- 
sis.  as  in  .Section  ll-B-l   tlirougli  II-B-IO 


dbo\e.  CATEGORY  IB 

3.  If  evidence  of  continuing  Aspergillus 
spp.  infection  exists,  conduct  an  environmen- 
tal investigation  to  detemiine  and  eliminate 
the  source.  If  assistance  is  needed,  contact  the 
local  or  state  health  department.-"-*-"'--'"'-'^-"-'* 
CATEGORYIB 

a.  Collect  environmental  samples  from  po- 
tential sources  of  Aspergillus  spp..  especially 
those  sources  implicated  in  the  epidemiologic 
investigation,  by  using  appropriate  meth- 

(xis.-"-»-477.478Ji:i5i4J^38.7l7  gg_  y^  (,f  g  high-Vol- 

ume  air  sampler  rather  than  settle  plates.-*'-* 
CATEGORYIB 

b.  Perform  molecular  subtyping  of 
Aspergillus  spp.  obtained  from  patients  and 
the  environment  to  establish  strain  idenuty, 
depending  on  test  availability.'-''-'-'  CATE- 
GORYIB 

c.  If  air-handling  systems  supplying 
high-risk  patient-care  areas  are  not  optimal, 
consider  temporary  deployment  of  portable 
HEPA  filters  until  rooms  with  optimal 
air-handling  systems  are  available  for  all  pa- 
tients at  high  risk  of  invasive  aspergillosis. 
CATEGORYII 

d.  If  an  environmental  source  is  identified, 
perform  corrective  measures  as  needed  to 
eliminate  the  source  from  the  high-risk  pa- 
tients' environment.  CATEGORYIB 

e.  If  an  environmental  source  is  not  identi- 
fied, review  existing  infection-control  mea- 
sures, including  engineering  aspects,  to  identi- 
fy potential  areas  that  can  be  corrected  or  im- 
proved. CATEGORYIB 

III.  Modifying  Host  Risk  for  Infection 

A.  Administer  cytokines,  including  granu- 
locyte colony-stimulating  factor  and  granulo- 
cyte-macrophage stimulating  factor,  to  in- 
crease host  resistance  to  aspergillosis  by  de- 
creasing the  duration  and  severity  of 
chemotherapy-induced  granulocytopenia."-*- 
^'^  CATEGORY  II 

B.  No  recommendation  for  administra- 
tion of  intranasal  amphotericin  B  or  oral  an- 
tifungal agents  (including  amphotericin  B 
and  triazole  compounds)  in  high-risk  pa- 
tients for  prophylaxis  against  aspergillo- 
sjs.5if..5i7.7i8  UNRESOLVED  ISSUE 
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A.  Staff  Education 

Ekiucate  personnel  about  the  epidemiolo- 
gy, modes  of  tr;insmission  and  means  of  pre- 
venting spread  of  iiespiratory  syncytial  virus 
(RSV).~"*^''*i  CATEGORY lA 

B.  Surveillance 

1.  Establish  mech;inism{s)  by  which  tlie 
appropriate  hospital  personnel  are  promptly 
alerted  to  any  increase  in  RSV  activity  in  the 
local  community.  CATEGORY  IB 

2.  During  periods  of  increased  prevalence 
of  RSV  in  the  community  (and  during 
December-March),  attempt  prompt  diagnosis 
of  RSV  infection  by  using  rapid  diagnostic 
techniques  as  clinically  indicated  in  pediatric 
patients,  especially  infants,  and  in  immuno- 
compromised adults  admitted  to  the  hospital 
with  respiratory  illness.'^'"-^'''  CATEGORY  IB 

II.  Interruption  of  Transmission  of  RSV 

A.   Prevention   of  Person-to-Person 
Transmission 

1.  Primary  measures  for  contact  isola- 
tion 

a.  Handwashing 

Wash  hands  after  contact  with  a  patient,  or 
after  touching  respiratory  secretions  or 
fomites  potentially  contaminated  with  respira- 
tory secretions,  whether  or  not  gloves  are 
wom.-'^-^'''»^^^^-"^^  CATEGORY  lA 

b.  Gloving 

( 1 )  Wear  gloves  for  handling  patients  or 
respiratory  secretions  of  patients  with  proven 
or  suspected  RSV  infection,  or  fomites  poten- 
tially contaminated  with  patient  secre- 
tmns?-'^-'^-''^'''''^'"^""  CATEGORY  lA 

(2)  Qiange  gloves  between  patients,  or 
after  handling  respiratory  secretions  or 
fomites  contaminated  with  secretions  from 
one  patient  before  contact  with  another  pa- 
tient.-'^"'*  Wash  hands  after  removing  gloves. 
(See  II-A- 1  -a.  above. )  CATEGORY lA 

c.  Gowning 

Wear  a  gown  when  soiling  with  respirato- 
ry secretions  from  a  patient  is  anticipated,  eg, 
when  handling  infants  with  RSV  infection  or 
other  viral  respiratory  illness,  and  change  the 
gown  after  such  contact  and  before  caring  for 
another  patient.-*-"'*'-'^''-'^'"  CATEGORY  IB 

d.  Staffing 

Restrict  health-care  workers  in  the  acute 
stages  of  an  upper  respiratory  illness  (ie, 
those  who  are  sneezing  and/or  coughing) 


from  taking  care  of  infants  and  other  patients 
at  high  risk  for  complications  from  RSV  in- 
fection (eg,  children  with  .severe  underlying 
cardio-pulmonary  conditions,  children  re- 
ceiving chemotherapy  for  malignancy,  pre- 
mature infants,  and  patients  who  are  other- 
wise immunocompromised).'^'''^-'''"  CATEGO- 
RYIB 

e.  Limiting  visitors 

Do  not  allow  persons  with  symptoms  of 
respiratory  infection  to  visit  pediatric,  im- 
munosuppressed,  and  cardiac  patients.'^'" 
CATEGORY!! 

2.  Control  of  RSV  Outbreaks 

a.  Use  of  private  room,  cohorting,  and  pa- 
tient-screening 

To  control  ongoing  RSV  U-ansmission  in 
the  hospital,  admit  young  children  with 
symptoms  of  viral  respiratory  illness  to  sin- 
gle rooms  when  possible.  OR  perform 
RSV-screening  diagnostic  tests  on  young 
children  upon  admission  and  cohort  them  ac- 
cording to  their  RSV-infection  status.'"- 
swi5.f9i  CATEGORY!! 

b.  Personnel  cohorting 

During  an  outbreak  of  nosocomial  RSV, 
cohort  personnel  as  much  as  practical,  ie,  re- 
strict personnel  who  give  care  to  infected  pa- 
tients fi-om  giving  cane  to  uninfected  patients, 
and  vice-versa.'"'-''''''-''''^  CATEGORY!! 

c.  Postponing  patient  admission 
During  outbreaks  of  nosocomial  RSV, 

postpone  elective  admission  of  uninfected  pa- 
tients at  high  risk  of  complications  from  RSV 
infection.  CATEGORY!! 

d.  Wearing  eye-nose  goggles 

No  recommendation  for  wearing  eye-nose 
goggles  for  close  contact  with  an  RSV-infect- 
ed  patient.""-'"*'  UNRESOLVED  ISSUE 

PREVENTION  AND  CONTROL 
OFINFLUENZA 

/.  Staff  Education  and  Infection  SurveiUance 

A.  Staff  Education 

Educate  personnel  about  the  epidemiolo- 
gy, modes  of  transmission,  and  means  of  pre- 
venting the  spread  of  influenza.'"'"'*''""-^-'' 
CATEGORYIA 

B.  Surveillance 

1.  Establish  mechanism(s)  by  which  the 
appropriate  hospital  personnel  are  promptly 
alerted  of  any  increase  in  influenza  activity  in 
the  local  community.  CATEGORY  IB 

2.  Arrange  for  laboratory  tests  to  be 


available  to  clinicians,  for  use  when  clini- 
cally indicated,  to  promptly  confirm  the  di- 
agnosis of  influenza  and  other  acute  viral 
respiratory  illnesses,  especially  during 
November-  April.""-"'  CATEGORY  IB 

II.  Modifying  Host  Risk  to  Infection 

A.  Vaccination 

1 .  Patients 

Offer  vaccine  to  outpatients  and  inpa- 
tients at  high  risk  of  complications  from  in- 
fluenza, beginning  in  September  and  contin- 
uing until  influenza  activity  has  begun  to  de- 
,,|ipg62.s,«i.M8.72i-7:.i  Patients  at  high  risk  of 
complications  from  influenza  include  those  > 
65  years  of  age;  in  long-term-care  units;  with 
chronic  disorders  of  the  pulmonary  or  car- 
diovascular systems,  diabetes  mellims,  renal 
dysfunction,  hemoglobinopathies,  or  im- 
munosuppression; and  children  6  months- 1 8 
years  of  age  who  are  receiving  long-term  as- 
pirin therapy."*  In  addition,  consider  patients 
with  musculo-skeletal  disorders  that  impede 
adequate  respiration  to  be  at  risk  of  compli- 
cations from  influenza.  CATEGORYIA 

2.  Personnel 

Vaccinate  health-care  workers  before  the 
influenza  season  each  year,  preferably  be- 
tween mid-October  and  mid-November. 
Until  influenza  activity  declines,  continue  to 
make  vaccine  available  to  newly  hired  per- 
sonnel and  to  tliose  who  initially  refuse  vacci- 
nation. If  vaccine  supply  is  limited,  give  high- 
est priority  to  staff  caring  for  patients  at  great- 
est risk  of  severe  complications  from 
influenza  infection,  as  listed  in  Section  D-A-l 
above."*  CATEGORY  IB 

B.  Use  of  Antiviral  Agents  (See  Section 
IV  below.  Control  of  Influenza 
Outbreaks) 

///.  Interruption  of  (Person-to-Person) 
Transmission 

A.  Keep  a  patient  for  whom  influenza  is 
suspected  or  diagnosed  in  a  private  room,  or  in 
a  room  with  other  patients  with  proven  in- 
fluenza, unless  there  are  medical  contraindica- 
tions to  doing  so.  CATEGORY  IB 

B.  As  much  as  feasible,  maintain  negative 
air  pressure  in  rooms  of  patients  for  whom  in- 
fluenza is  suspected  or  diagnosed,  or  place  to- 
gether persons  with  intluenza-like  illness  in  a 
hospital  area  with  an  independent  air-supply 
and  exhaust  system.'''-"''"'"™  CATEGORY!! 

C.  Institute  masking  of  individuals  (except 
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lliose  imimiiie  lo  tlie  infecting  sUiiin)  who 
enter  the  room  of  a  patient  with  intluen- 

22  614.615.724  (^^  TEGORY  IB 

D.  As  much  as  possible  during  periods  of 
influenza  activity  in  the  community,  have  the 
hospital's  employee  he;ilth  senice  evaluate 
patient-care  staff  who  ha\'e  symptoms  of 
febrile  upper  respiraton,  tract  infection  sug- 
gestive of  influenza  for  possible  remova)  trom 
duties  that  in\ oKe  direct  patient  contact.  Use 
more  stringent  guidelines  for  staff  working  in 
certain  patient-care  areas,  eg,  ICUs,  nurseries, 
and  units  with  severely  immunosuppressed 
patients."'"-'  CATEGORY  11 

E.  When  community  and/or  nosocomial 
outbreaks  occur,  especiiilly  if  they  are  charac- 
terized by  high  attack  rates  and  severe  illness: 

1.  Restrict  hospital  visitors  who  have  a 
febrile  respiratory  illness.  CATEGORY  IB 

2.  Curtail  or  eliminate  elective  medical 
and  surgical  admissions  as  necessary.  C47'£'- 
GORYIB 

3.  Restrict  cardiovascular  and  pul- 
monaiy  surgery  to  only  emergency  cases. 
CATEGORY  IB 

IV.  Cuntrol  of  Influenza  Outbreaks 

A.  Determining  the  Outbreak  Strain 

Early  in  the  outbreak,  obtain  nasopharyn- 
ge;il-swab  or  nasal-wash  specimens  from  pa- 
tients with  recent-onset  symptoms  suggestive 
of  intluen/a  for  influenza  virus  culture  or  anti- 
gen detection.  CATEGORY  IB 

B.  Vaccination  of  Patients  and  Personnel 

Administer  ctirrent  iiifluen/j  \accine  to 
unvaccinated  patients  and  staff,  especially  if 
the  outbreak  occurs  early  in  the  influenza  sea- 
son.'"'"-'*  CATEGORY  IB 

C.  Amantadine  or  Rimantadine  .Admini- 
stration 

I.  When  a  noscK'omial  outbre;ik  of  in- 
fluenzal A  is  suspected  or  recognized: 

a.  Administer  lunantadine  or  rimanladine 
for  prophylaxis  to  all  uninfected  patients  in  tlie 
involved  unit  for  whom  it  is  not  contraindicat- 
ed.  Do  not  delay  adminisUiilion  of  amantadine 
or  rimantadine  unless  tlie  results  of  diagnostic 
tests  lo  identity  llic  infecting  strain(s)  can  be 
obtained  within  1 2  to  24  hours  after  s|vcimcii 
C( )l lecti( in .'  "'"'-'  CA  TEGOR Y  IB 

h.  Administer  ainanladinc  or  nmanladmc 
for  prophylaxis  lo  un\accinaled  slalf  incni- 
beiN  lor  whom  il  is  nol  medically  contiaindi- 


cated,  and  who  are  in  the  in\  olved  unit  or  tak- 
ing care  of  high-risk  patients."'-  CATEGORY II 

2.  Discontinue  amiinladine  or  rimantadine 
if  laboratory'  tests  confirm  or  strongly  suggest 
that  influenza  type  A  is  not  the  cause  of  the 
outbreak."'-  CATEGORY  lA 

3.  If  the  cause  of  the  outbreak  is  con- 
firmed or  believed  to  be  influenza  type  A 
AND  vaccine  has  been  administered  only  re- 
cently to  susceptible  patients  and  personnel, 
continue  amantadine  or  rimiintadine  prophy- 
laxis until  2  weeks  after  the  vaccination.^-'' 
CATEGORYIB 

4.  To  the  extent  possible,  do  not  allow 
contact  between  those  at  high  risk  of  compli- 
cations from  influenza  and  patients  or  staff 
who  are  taking  amantadine  or  rimantadine 
for  U-ealment  of  acute  respiratory  illness;  pre- 
vent contact  during  and  for  two  days  after  the 
latter  discontinue  treatment.''-"'*''*^''  CATE- 
GORYIB 

D.  Interruption  of  (Person-to-Person) 
Transmission  of  Microorganisms  (See 
Section  III,  A-E  above.) 
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KXAMl'lRS  OK  .SKMICRITKAI.  HI-MS* 
U.SKI) ON  THK  RKSI'IRA  lOR^  TR \(  I 


Anesthesia  device  orei|iMpinent  mcluding: 


•  face  mask  or  tracheal  lube 

•  inspiratory  and  expiratory  tubing 
•Y-piece 

•  reservoir  bag 

•  humidifier 

Breathing  cia-uiLs  of  mechanical  ventilators 

Bronchoscopes  and  tiieir  accessories,  except  for 
biopsy  forceps  and  specimen  bnish.  which  are 
considered  critical  items  and  are  sterilized  be- 
fore reuse. 

Endotiacheal  and  endobronchial  tubes 

Uiryngoscope  blades 

Mouthpieces  and  tubings  of  pulmonjtry  function 
testing  equipment 

Nebulizers  and  their  reservoirs 

Oral  and  nasal  airways 

Probes  of  CO:  analyzers,  air-pressure  monitors 

Resuscitation  bags 

Stylets 

Suction  catheters 

Temperature  sensors 

*llems  that  directly  or  indirectly  contact  mucous  mcm- 
hnmes  of  the  respiratory  tract.  They  are  sterilized  or  sub- 
jecled  to  high-level  disinfection  before  reuse. 

APPENDIX  B 

MAINTENANCE  PROCEDURES  TO  DE- 
CREASE SlIRVrVAL  AND  Miri.TIPLICA- 
TION  OF  LEGIONELLA  SPP.  IN 
POTABLE-WATER  DISTRIBIITION  SYS- 
TEMS 

/.  Providing  Water  al  >  50"C  al  All  Pninis  in  the 
Heated  Water  System,  Ineluding  the  Taps 

This  requires  that  water  in  calorifiers  (water  heaters! 
he  maintained  ;il  >  60T.  In  the  United  Kingdom, 
where  maintenance  of  tap-water  temperatures  at  > 
50°C  in  hospitals  has  been  mandated,  installation  of 
blending  or  mixing  valves  at  or  near  taps  to  reduce 
the  water  temperature  to  <  43"C  has  been  necom- 
mended  in  certain  settings  to  reduce  the  risk  of  scald 
injury  to  patients,  visitors,  and  heallh-care  work- 
ers.'"' However.  Legionella  spp.  can  multiply  even 
in  short  segments  of  pipe  containing  water  al  this 
lempcniturc.  Increasing  the  How  rate  from  the 
hot-w;iler-cia-ulation  system  may  help  lessen  tlie 
likelihcxxl  of  water  stagnation  and  e(X)ling.'""'-' 
Insulation  of  plumbing  to  ensure  delivery  of  cold  (< 
20°C)  water  lo  water  heaters  (and  to  cold-water  out- 
lets) may  diminish  the  opportunity  for  bacterial  niul- 
tipli-c;ition."'-  "Dead  legs"  orcappal  spurs  within 
the  plumbing  sysleni  provide  aiieas  of  stagnation 
and  cooling  lo  <  50°C  regardless  of  the 
ciaiilating  water  lempenilurv;  these  segments  may 
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need  to  be  removed  to  prevent  colonization.'-" 
Rubber  fittings  within  plumbing  systems  have  been 
associated  with  persistent  colonization,  and  replace- 
ment of  these  fittings  may  be  required  for 
Legionella  spp.  eradication.'-^ 

//.  Continuous  Chlorination  To  Maintain 
Concentrations  of  Free  Residual  Chlorine  at  1-2 
mg/L  at  the  Tap 

This  requires  the  placement  of  flow-adjusted, 
continuous  injectors  of  chlorine  throughout  the 
water  distiibution  system.  Adverse  effects  of  contin- 
uous chlorination  include  accelerated  corrosion  of 
plumbing  resulting  in  system  leaks  and  production 
of  potentially  carcinogenic  trihalomethanes. 
However,  when  levels  of  free  residual  chlorine  are 
below  3  nig/L,  trihalomethane  levels  are  kept  below 
the  maximum  "safety  level"  recommended  by  the 
Environmental  Protection  Agency.'"*'*'" 

APPENDIX  C 

CULTURING  ENVIRONMENTAL 
SPECIMENS  FOR  LEGIONELLA  SPP. 


/.  Recommended  Procedure  for  Collecting  and 
Culturing  Environmental  Specimens  for 
Legionella  Spp."' 

A.  Collect  water  (if  possible,  one-liter  samples) 
in  sterile,  screw-top  bottles,  preferably  containing 
sodium  thiosulfate  at  aconcentration  of  0.5  cc  of 
0. 1 N  solution  of  sample  water.  (Sodium  thiosulfate 
inactivates  any  residual  halogen  biocide). 

B.  Collect  culmre-swabs  of  the  internal  surfaces 
of  faucets,  aerators,  and  showerheads;  in  a  sterile, 
screw-top  container,  such  as  a  50-cc  pla.stic  cen- 
trifuge mbe.  submerge  each  swab  in  5- 10  cc  of  sam- 
ple water  taken  fi-om  the  same  device  from  which 
the  sample  was  obtained. 

C.  As  soon  as  possible  after  collection,  water 
samples  and  swabs  should  be  tr.insported  to  and 
processed  in  a  laboratory  proficient  at  culmring 
water  specimeas  for  Legionella  spp.  Samples  may 
be  transported  at  room  temperaUire  but  must  be  pro- 
tected from  temperature  extremes. 

D.  Test  samples  for  the  presence  of  Legionella 
spp.  by  using  semi-selective  culture  media.  Use  stan- 
dard laboratory  procedures.  (Detection  of  Legionella 
spp.  antigen  by  the  direct  fluorescent  antibody  tech- 
nique is  not  suitable  for  environmental  samples.'"'"'^ 
In  addition,  the  u.se  of  polymerase  chain  reaction 
(PCR)  for  identification  of  Legionella  spp.  is  not  rec- 
ominended  until  more  data  on  the  sensitivity  and 
specificity  of  this  procedure  ;ire  available."* 

//.  Possible  Samples  and  Sampling  Sites  for 
Legionella  Spp.  in  the  HospitaP" 


Water  Samples 

Potable  Water  System 
Incoming  water  main 
Water  softener 
Holding  tanks/cisterns 
Water  healer  tanks  (inflow  and  outflow 

sites) 
Potable  water  outlets  (faucets  or  taps,  showers) 

especially  outlets  located  in  or  near 

case-patienLs'  rooms 
Cooling  Tower/Evaporative  Condenser 

Make-up  water  (water  added  to  system  to 

replace  water  lost  by  evaporation,  drift, 

and  leakage 
Basin  (area  under  tower  for  collection  of 

cooled  water) 
Sump  (section  of  basin  ftt)m  which  cooled 

water  returns  to  heat  source) 
Heat  source  (eg,  chillers) 
Other  Sources 
Humidifiers  (Nebulizers) 
Bubblers  for  oxygen 

Water  used  for  respiratory  therapy  equip- 
ment 
Decorative  fountains 
Irrigation  equipment 
Fire  sprinkler  system  (if  recently  used) 
Whiripools/spas 

Swabs 

Potable  Water  System 

Faucets  (proximal  to  aerators) 

Faucet  aerators 

Shower  heads 
Cooling  Towers 

Internal  components  (eg,  splash  bars  and 
other  fill  surfaces) 

Areas  with  visible  biofilm  accumulation 

APPENDIX  D 

PROCEDURE  FOR  CLEANING  COOLING 
TOWERS  AND  RELATED  EQUIPMENT 

(Adapted  ft-oni  the  Emergency  Protocol  in  Control 
of  Legionella  spp.  in  Cooling  Towers:  Summary 
Guidelines.*^) 

/.  Preparatory  to  Chemical  Disinfection  and 
Mecluinical  Cleaning 

A.  Provide  protective  equipment  to  workers 
who  would  perform  the  disinfection,  to  prevent  their 
exposure  to  (a)  chemicals  used  for  disinfection  and 
(b)  aerosolized  water  containing  Legionella  spp. 
Protective  equipment  may  include  full-length  pro- 
tective clothing,  boots,  gloves,  goggles,  and  a  full- 
or  half-face  mask  that  combines  high  efficiency  par- 
ticulate air  filter  and  chemical  cartridges  to  protect 


against  airborne  chlorine  levels  of  up  to  10  mg/L. 
B.  Shut  off  cooling-tower. 

1 .  If  possible,  shut  offbeat  source. 

2.  Shut  oft'  fans,  if  present,  on  the  cooling 
tower/evaporative  condenser  (CT/EC). 

.^.  Shut  off  the  .system  blowdown  (purge)  valve. 
Shut  oft' automated  blowdown  controller,  if  present 
and  set  system  controller  to  manual. 

4.  Keep  make-up  water  valves  open. 

5.  Close  building  air-intake  vents  within  at  least 
30  meters  of  the  CT/EC  until  after  the  cleaning  pro- 
cedure is  complete. 

6.  Continue  operating  pumps  for  water  circula- 
tion through  the  CT/EC. 

//.  Chemical  Disinfection 

A.  Add  fast-release,  chlorine-containing  disin- 
fectant in  pellet  granular,  or  liquid  form,  and  follow 
safety  instructions  on  the  product  label.  Examples  of 
disinfectants  include  sodium  hypochlorite  (NaOCI) 
or  calcium  hypochlorite  Ca[(XI]2  calculated  to 
achieve  initial  free  residual  chlonne  (FRC)  of  50 
mg/L,  ie,  3.0  lbs  (1.4  kg)  industrial  grade  NaOCl 
(12-15%  available  CI)  per  1,000  gallons  of  CT/EC 
water;  10.5  lbs  (4.8  kg)  domestic  grade  NaOCI 
(3-5%  available  CD  per  1,000  gallons  of  CT/EC 
water;  or  0.6  lb  (0.3  kg)  Ca((X:i):  per  1 ,000  gallons 
of  CT/EC  water.  If  significant  biodeposits  are  pre- 
sent additional  chlorine  may  be  required.  If  the  vol- 
ume of  water  in  CT/EC  is  not  known,  it  can  be  esti- 
mated (in  gallons)  by  multiplying  the  recirculation 
rate  in  gallons/minute  by  10,  or  the  refrigeration  ca- 
pacity in  tons  by  30.  Other  appropriate  compounds 
may  be  suggested  by  a  water-treatment  specialist. 

B.  ReconJ  the  type  and  quality  of  all  chemicals 
used  for  disinfection,  exact  time  the  chemicals  are 
added  to  the  system,  and  time  and  results  of  mea- 
surements of  FRC  and  pH. 

C.  Add  disper^ant  simultaneously  with  or  with- 
in 15  minutes  of  adding  disinfectant.  The  dispersant 
is  best  added  by  first  dissolving  it  in  water  and 
adding  the  solution  to  a  turbulent  zone  in  the  water 
system.  Examples  of  low  or  non-foaming, 
silicate-based  dispersants  are:  automatic-dishwash- 
er compounds,  such  as  Cascade*  or  Calgonite*  or 
an  equivalent  product.  Dispersants  are  added  at 
10-25  lbs.  (4.5-11.25  kg)  per  1.000  gallons  of 
CT/EC  water, 

D.  After  adding  disinfectant  and  dispersant  con- 
tinue circulating  die  water  through  the  system. 
Monitor  FRC  by  using  an  FRC-measuring  device, 
such  as  a  swimming  pool  test  kit  and  measure  the 
pH  with  a  pH  meter  every  15  minutes  for  2  hours. 


*The  use  of  product  names  is  for  identification  only  and 
does  not  imply  endoreemem  by  the  Public  Health  Service 
or  the  U.S.  Depardnenl  of  Health  and  Human  Services. 
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AJd  chlonnc  a.s  nceiied  lo  nuunlain  FRC  al  >  10 
nig/1..  Since  ihe  biiviikil  etietl  ol  clilonne  is  reduced 
at  higher  pH,  adjuM  pH  to  7.5-8.0.  The  pH  may  be 
lowered  b>  using  any  acid  (eg.  muriatic  acid  or  sultli- 
nc  ;icid  used  tor  maintenance  of  swimming  pools) 
that  is  compatible  w  ilh  the  uvamient  chemicals. 

E.  Two  hours  after  adding  disinfectant  and  dis- 
persani  or  after  FRC  level  is  stable  at  >  10  mg/L. 
monitor  at  2-hour  intervals  and  maintain  FRC  at  > 
I0mg/Lfor24hour>. 

F.  After  FRC  le\el  has  been  maintained  at  > 
10  mg/I.  for  24  hours,  drain  the  system.  CT/EC 
w  ater  may  be  safely  drained  to  the  sanitary  sewer. 
Municipal  water  and  sewerage  authorities  should 
be  contacted  regarding  local  regulations.  If  a  sani- 
tary sewer  is  not  available,  consult  kxal  or  state 


authorities  (eg.  Department  of  Natural  Resources) 
regarding  disposal  of  water.  If  necessary,  the 
drain-off  may  be  dechlorinated  by  dissipation  or 
by  chemical  neutralization  with  sodium  bisulfite. 
G.  Refill  system  with  water  and  repeat  proce- 
dure outlined  in  steps  2-6  in  1-B  above. 

///.  Meclmnical  Cleaning 

A.  After  water  from  the  second  chemical  disin- 
fection has  been  drained,  shut  down  the  CT/EC. 

B.  Inspect  all  water  contact  areas  for  sediment, 
sludge,  and  scale.  U.sing  bmshes  and/or  a  low-pres- 
sure water  hose,  thoroughly  clean  all  CT/EC  water 
contact  areas  including  basin,  suinp,  fill,  spray  noz- 
zles, and  fittings.  Replace  components  as  needed. 


C.  If  possible,  clean  CT/EC  water  contact  areas 
witliin  the  chillers. 

IV.  After  Mechamcal  Cleaning 

A.  Fill  the  system  with  water,  and  add  chlorine 
to  achieve  FRC  level  of  10  mg/L. 

B.  CiKTulate  the  water  for  one  hour,  then  open 
blowdown  valve  and  flush  the  entire  system  until 
the  water  is  free  of  turbidity. 

C.  Drain  the  system. 

D.  Open  any  air  intake  venLs  that  were  closed 
prior  to  cleaning. 

E.  Fill  the  system  with  water.  CT/EC  may  be 
put  back  into  service  using  an  effective  water-treat- 
ment program. 
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Home  mechanical  ventilatory  assistance  for  infants  [Kacmarek] 
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circuits:  time  for  a  change?  [Hess[    39(  I2):l  149  editorial 

Lung-volume-dependent  effects  of  varying  inspiratory  time  during 
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ventilation  39(8):808  Clinical  Practice  Guideline  [correction 
on  39(11):  1050] 

Reader  finds  errors  relating  to  circuit  change  intervals  in  CPGs  pub- 
lished in  August  [Picca]    39(11):1058  letter 

Static  lung  volumes  39(8):830  Clinical  Practice  Guideline  [cor- 
rection on  39(9):9I6] 

Surfactant  replacement  therapy  39(8):824  Clinical  Practice 
Guideline 

TB  control  guidelines  deserve  our  attention,  too  [Brougher] 
39(l2):n54  editorial 

Transcutaneous  blood  gas  monitoring  for  neonatal  &  pediatric  pa- 
tients   39(12):1176  Clinical  Practice  Guideline 

Ventilator  circuit  changes    39(8):797  Clinical  Practice  Guideline 


RESPIRATORY  CARE  •  DECEMBER  94  Vol  39  No  12 


1247 


SUBJECT  INDEX  TO  VOLUME  39  (1994) 


Hazards:  Also  see  specific  CPG  titles 

Administration  of  air  when  oxygen  was  intended  [Howard] 

39(6):669  lener 
RCPs,  CPR.  and  research  on  nioutli-to-mask  devices  [Palmisano  et 
al]    39{9):9n  lener 
Heart  Disease 

Hypoxemia  in  a  postpartum  patient  with  complex  congenital  heart 
disease  [Vega  &  Durbin]    39(6):646  Test  Your  Radiologic  Skill 
Heat  &  Moisture  Exchangers 

Ventilator-circuit-change  intervals:  one  center's  observations 

[Henke]    39(8):824 /em-/- 
Ventilator  circuit  changes    39(8):797  Clinical  Practice  Guideline 
Hemoptysis 

Hemoptysis  and  dyspnea  in  a  young  woman  [Lange  et 
al]    39(3):242  Test  Your  Radiologic  Skill 
High  Altitude  Physiology 

Travel  for  the  technology-dependent  individual  [Stoller]  39(4):347 
conference  proceedings  [correction  on  39(8):796] 
High  Frequency  Chest- Wall  Compression 

A  review  of  airway  clearance:  new  techniques,  indications,  and  rec- 
ommendations [Hardy]    39{5):440  conference  proceedings 
High  Frequency  Oscillatory  Ventilation 

Lung-volume-dependent  effects  of  varying  inspiratory  time  during 
high-frequency  oscillation  of  surfactant-deficient  rabbits 
[Weber  et  al  ]    39(  10):973  research  article 
"Historical  Notes"  Feature 

Diseases  of  the  Heart  (excerpted  from  Dr  Chase's  Third,  Last  and 
Complete  Receipt  Book  and  Household  Physician,  by  AW 
Chase  MD,  published  by  FB  Dickereon  Co,  Detroit,  1903) 
[Dunlevy,  contributor]    39(2):  145 
History:  See  Classic  Reprints  and  Historical  Notes  Features 
Home  Care 

Controversies  in  home  respiratory  care:  conference  summary 

[Pierson]    39(4):294  conference  proceedings 
Current  and  future  role  of  respiratory  care  practitioners  in  home  caiie 

[Giordano]    39(4):321  conference  proceedings 
Demographics  and  financial  impact  of  home  respiratory  care 
[Dunne]    39(4):309  conference  proceedings  Icorrection  on 
39(5):587l 
Noninvasive  positive-pressure  ventilation  at  home  [Leger[ 

39(5):501  conference  proceedings 
Transition  from  the  intensive  care  unit  to  home:  patient  selection 
and  discharge  planning  [Gilmartin]    i9(SYAS6  conference  pro- 
ceedings 
Humidity,  Humidifiers,  &  Humidification 

Guideline  for  prevention  ot  nosocomial  pneumonia  [CDC] 

39(12):ll91,i;«/yw//ic 
Mobilization  of  secretions  in   ICU   patients   [Judson  & 

.Sahnj    39(3):2I3  symposium  paper 
A  "statistically  signific;uit"  response  [ Bccker[    39(2):  153  letter 
Ventilator  circuit  changes    39(8):797  ( linical  Practice  Guideline 
Hyaline  Membrane  Disease 

•Surl'actant  replacement  therapy    39(8):824  Clinical  Practice 
Guideline 


Hypercapnia:  See  Hazards 
Hypocapnia:  See  Hazards 
Hypoxemia  &  Hypoxia 

Hypoxemia  in  a  postpartum  patient  with  complex  congenital  heart 
disease  [Vega  &  Durbin[    39(6):646  Test  Your  Radiologic  Skill 

Travel  for  the  technology-dependent  individual  [Stoller]    39 
(4):347  conference  proceedings  [correction  on  39(8):796] 
Imaging:  Also  see  "Test  Your  Radiologic  Skill"  Feature 

Chest  imaging  in  critically  ill  patients:  analysis  of  clinical  value 
[Heffner  &  Klein]    39(  1):51  symposium  paper 

Comparison  of  aerosol  dehvery  via  Circulaire  system  vs  conven- 
tional small  volume  nebulizer  [Mason  et  al[  39(12):1157  re- 
search article 

Predicting  aerosol  deposition  during  neonatal  ventilation:  feasibility 
of  bench  testing  [O'Riordan  et  al]    39(12):1162  original  re- 
search 
Infection  &  Infection  Control:  Also  see  Pneumonia,  Nosocomial 

Application  of  continuous  positive  airway  pressure  to  neonates  via 
nasal  prongs  or  nasopharyngeal  tube  39(8):817  Clinical 
Practice  Guideline  [correction  on  39(11):1050] 

Body  plethysmography    39(  12):  1 184  Clinical  Practice  Guideline 

Capillary  blood  gas  sampling  for  neonatal  &  pediatric  pa- 
tients   39(12):1180  Clinical  Practice  Guideline 

Controversies  in  home  respiratory  care:  conference  summ;iry 
[Pierson]    39(4):294  conference  proceedings 

Delivery  of  aerosols  to  the  upper  airway  39(8):803  Clinical 
Practice  Guideline 

Guideline  for  prevention  of  nosocomial  pneumonia  [CDC] 
2>9(U):n9\  guideline 

Guideline  for  prevention  of  nosocomial  pneumonia  and  ventilator 
circuits:  time  for  a  change?  [Hess[    i9{\ly.\\'\9  editorial 

Metabolic  measurement  using  indirect  calorimetry  during  mechani- 
cal ventilation    39(  12):1 170  Clinical  Practice  Guideline 

Neonatal  time-triggered,  pressure-limited,  time-cycled  mechanical 
ventilation  39(8):808  Clinical  Practice  Guideline  [correction 
on39(ll):1050] 

Nosocomial  cutaneous  mucomiycosis  at  tlie  site  of  endotracheal 
tube  taping  [Amundson  et  al[    39(9):917  letter 

A  review  of  airway  clearance:  new  techniques,  indications,  and  rec- 
ommendations [Hardy[    39{5):440  conference  proceedings 

Static  lung  volumes  39(8):830  Clinical  Practice  Guideline  [cor- 
rection on  39{9):9I6] 

Surfactant  replacement  therapy  39(8):824  Clinical  Practice 
Guideline 

Transcutaneous  blcKxl  gas  monitoring  for  neonatal  &  pediauic  pa- 
tients   39(  12):  1 176  Clinical  Practice  Guideline 

Ventilator  circuit  changes    39(8):797  Clinical  Practice  Guideline 
Inspiratory -Kxpirdtory  Ratio  (l:K) 

l.ung-volumc-dcix'iidenl  effects  of  v;irying  inspiraloiy  time  during 
high-frequency  i)scillation  of  surfactanl-deticienl  rabbits 
[  Weber  et  al  ]    39(  1«):973  research  anu  Ic 
Intensive  Care  I'nit 

Monitoring  gas  exchange:  clinical  etfectiveness  ;uid  ci)sl  considcra- 
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tions  [Durbin]    39{2):123  symposium  paper 
New  Horizons  IX:  cost-effectiveness  of  respiratory  care  in  the  ICU 

39(2):  104  symposium  imroduction 
Physical  reconditioning  of  patients  with  respiratory  diseases:  legs, 
arms,  and  breathing  retraining  ICelli]    39(5):481  conference 
proceedings 
Transition  from  the  intensive  care  unit  to  home:  patient  selection 
and  discharge  planning  [Gilmartin  |    39(5):456  conference  pro- 
ceedings 
Intermittent  Positive  Pressure  Ventilation 

Indications  and  criteria  for  decannulation  and  transition  from  inva- 
sive to  noninvasive  long-term  ventilatory  support  [Bach  & 
Saporito]    39(5):515  conference  proceedings 
Intrinsic  PEEP:  See  Positive  End-Expiratory  Pressure  (PEEP) 
Intubation  of  the  Airway 

A  comparison  of  the  imposed  work  of  breathing  with  endotracheal 
and  tracheostomy  tubes  in  a  lung  model  [Davis  et 
al]    39(6):611  research  article 
Mobilization  of  secretions  in  ICU  patients  [Judson  & 

Sahn]    39(3):213  symposium  paper 
Respiratory  care  practitioners  as  secondary  providers  of  endotra- 
cheal intubation:  one  hospital's  experience  [Zyla  & 
Carlson]    39(1):30  research  article 
Timing  of  tracheotomy:  what  is  the  best  approach?  [Hoffman] 
39(4):378  conference  proceedings 
Iron  Lung 

Use  of  extrathoracic  negative  pressure  ventilation  in  weaning 
COPD  and  kyphoscoliotic  patients  from  mechanical  ventilation 
Pel  Bufalo  et  al]    39(  1):21  research  article 
"Kittredge's  Comer"  Feature  (technical  aspects  of  respiratory 
care  equipment) 

An  addition  to  "flow-triggering  systems"  [Monast]    39(6):671  let- 
ter [response  by  Branson]  ASRA  39(2):138 
Flow-triggering  systems  [Branson]    39(2):138  Kittredge's  Comer 
ASRL39(6):671 
Kyphoscoliosis 

Use  of  extrathoracic  negative  pressure  ventilation  in  weaning 
COPD  and  kyphoscoliotic  patients  from  mechanical  ventilation 
[Del  Bufalo  et  al]    39(1  ):21  research  article 
Lung  Disease,  Unilateral 

Unilateral  lung  disease  treated  with  patient-triggered  independent- 
lung  ventilation  [Schmitt  et  al]    39(9):906  case  report 
Lung  Mechanics 

Respiratory  system  behavior  during  mechanical  inflation  with  con- 
stant inspiratory  pressure  and  flow  [Chatbum  et  al]    39(10):979 
research  article 
Lung  Transplantation:  See  Transplantation  of  Organs 
Management,  Administrative 

Is  our  educational  system  adequately  preparing  respiratory  care 
practitioners  for  therapist-driven  protocols?  [Meredith  et 
al]    39(7):709  editorial  ASRA  39(7):709  &  39(7):746 
One  respiratory  care  department's  contribution  to  the  "bottom  line" 
[LeBouef]    39(7):740  special  article 


Potential  misallocation  of  respiratory  care  services  revisited 
[Tietsort]    39(10):1004/erre»- 

Respiratory  care  practitioners  as  secondary  providers  of  endotra- 
cheal intubation:  one  hospital's  experience  [Zyla  & 
Carlson]    y)(\):2M  research  article 

Therapist-driven  protocols — a  different  view?  [Tietsort  & 
Clifford]    39(3):255  letter  [response  by  Stoller] 

Therapist-driven  protocols:  the  state  of  the  art  [Weber  & 
Milligan]  39(7):746  conference  report  ASRA  39(7):706  & 
39(7):709 

Who  should  perfonn  endotracheal  intubation?  a  summary  of  issues 
[Buck  &  Southom]    39(1):17  editorial 

Why  therapist-driven  protocols?  a  balanced  view  [Stoller] 
iWynWi  editorial 
MDIs 

A  comparison  of  3  methods  of  metered  dose  bronchodilator  deliv- 
ery to  a  mechanically  ventilated  adult  lung  model  [Harwood  et 
al]    39(9):886  original  research 
Measurement  &  Measurement  Techniques 

An  accurate  assessment  of  peak  flow?  [Ziegler  &  Fried]  39(3):254 
letter  [response  by  Simmons] 

Relative  agreement  between  Raman  and  mass  spectrometry  for 
measuring  end-tidal  carbon  dioxide  [Graybeal  & 
Russell]    yiOy.X^a  research  article 

Routine  measurement  of  work  of  breathing:  is  it  necessary? 
[Kacmarek  &  Hess]    39(9):881  editorial 

Work  of  breathing:  how  to  define  and  when  to  measure? 
[Adams]    39(9):883  editorial 
Mechanical  Ventilation 

Chatbum's  ventilator  classification  scheme — a  poor  substitute  for 
the  classic  approach  [Blanch  &  Desautels]  39(7):762  letter 
Jresponse  by  Chatbum] 

Collaborative  self-management  strategies  for  patients  with  respira- 
tory disease  [Make]    39(5):566  conference  proceedings 

A  comparison  of  CPAP  [jerformance  characteristics  of  the  Puritan- 
Bennett  7200a  and  a  prototype  continuous  pressure-regulating 
ventilator  [Tobia  &  Fischer]    39(3):195  research  article 

A  comparison  of  the  imposed  work  of  breathing  with  endotracheal 
and  tracheostomy  tubes  in  a  lung  model  [Davis  et 
al]    2>%6):6\\  research  article 

A  comparison  of  3  methods  of  metered  dose  bronchodilator  deliv- 
ery to  a  mechanically  ventilated  adult  lung  model  [Harwood  et 
al]    39(9):886  original  research 

Controlling  carbon  dioxide  delivery  during  mechanical  ventilation 
[Chatbum  &  Anderson]    39(11):1039  research  article 

Controversies  in  home  respiratory  care:  conference  summary 
JPierson]    39(4):294  conference  proceedings 

Decreasing  the  work  of  breathing:  how  much  of  a  change  is  impor- 
tant? [Branson]    39{3):IS7  editorial 

An  educator  calls  for  a  standardization  of  terms:  taking  the  fat  out  of 
respiratory  care's  alphabet  soup  [Sorbello]    39(7):772  letter 

Evaluation  of  a  prototype  expiratory-phase  aerosol  controller  dur- 
ing simulated  pediatric  volume-controlled  ventilation  [Keenan 
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&  Salver]    39(6):617  research  article 

Expiratory  hold  vs  clamping/triuisducing  for  intrinsic  PEEP  deter- 
mination in  the  Siemens  9(K)C  (Madsen  et  al]  39(6):623  re- 
search article 

Flow-triggering  does  not  decrease  the  work  of  breathing  and  pres- 
sure-time prixiuct  in  COPD  patients  |Jager  et  ;il|  39(9):892  re- 
search ankle 

Home  mechanical  ventilatory  assistance  for  infants  [Kacniarek] 
39(5):550  conference  proceedings 

Indications  and  criteria  for  decannulation  and  transition  from  inva- 
sive to  noninvasive  long-term  ventilatory  support  [Bach  & 
Saporito]    39(51:515  conference  proceedings 

Inhaled  bronchodilators  during  mechanical  ventilation:  delivery 
techniques,  evaluation  of  response,  and  cost-effectiveness 
[Hess]    39(2):  105  syniposiwn  paper 

Lung-volume-dependent  effects  of  varying  inspiratory  time  during 
high-frequency  oscillation  of  surfactant-deficient  rabbits 
[Weber  etal]    39(10):973 

Managing  the  patieni-sentiiator  system:  system  checks  and  circuit 
changes  [Campbell]    39(3):227  symposium  paper 

Metabolic  measurement  using  indirect  calorimetry  during  mechani- 
cal ventilation    39(  12):  1 170  Clinical  Practice  Guideline 

Mobilization  of  secretions  in  ICU  patients  [Judson  & 
Sahn]    39(3):213  symposium  paper 

Negative  pressure  ventilation  for  facilitation  of  weaning  from  me- 
chanical ventilation — back  to  the  future?  [Hill]  39(  1 ):  19 edito- 
rial 

Neonatal  time-uiggered.  pressure-limited,  time-cycled  mechanical 
ventilation  39(8):808  Clinical  Practice  Guideline  [correction 
on39(]l):1050l 

Noninvasive  positive-pressure  ventilation  at  home  [Leger] 
39(51:501  conference  proceedings 

Piedalue  wants  more  answers  about  airway  pressure  and  pulmonary 
mechanics  ]Piedalue)  39(61:669  letter  [response  by  Pierson  & 
Hildebrandtj 

Prediction  and  assessment  of  bronchodilator  response  in  mechani- 
cally ventilated  patients  [Wollam  et  al  ]  39(7):730  research  ar- 
ticle 

Pulmonary  artery  catheterization  in  exacerbations  of  COPD  requir- 
ing mechanical  ventilation:  a  cost-effectiveness  analysis 
[Smith&  Pcsce]  39(10):961  research  article  ASRA 
39(10):959 

Respiratory  system  behavior  tluring  mechanical  inflation  with  con- 
stant inspiratory  pressure  and  How  IChatbumctal]  39(10):979 
research  article 

Timing  of  tracheotomy:  what  is  the  best  approach? 
I  Hoffmiin  I    39(4):378  <  onference  proceedings 

Unilateral  lung  disease  U-eated  with  patient-triggered  independent- 
lung  ventilation  [Schmitt  et  al  1    39(9):906  case  repon 

Ventilator  circuit  changes    39(8):797  Clinical  Practice  Guideline 
Mechanical  Ventilators 

An  addition  to  "tlow-triggering  systems"  |Monasl|  39(6):67l  let- 
ter |respt)nsc  by  Branson  j  ASRA  39(2):  138 


Chatbum's  ventilator  classification  scheme — a  poor  substitute  for 
the  classic  approach  [Bkinch  &  Desautelsj  39(7):762  letter 
(response  by  ChatbumI 

A  comparison  of  CPAP  pertomiance  characteristics  of  the  Puritan- 
Bennett  7200a  and  a  prototype  continuous  pressure-regulating 
ventilator  [Tobia  &  Fischer|    39(3):  195  research  article 

Decreasing  the  work  of  breathing:  how  much  of  a  change  is  impor- 
tant? [Branson]    39(3):187  editorial 

The  effect  of  time  and  warming  on  breathing  circuit  compliance 
[Valeri  et  all    39(8):793  research  anicle 

Row-Uiggering  systems  [Branson[  39(2):138  Kittredge's  Comer 
ASRL39(6):671 

Managing  the  patient-ventilator  system:  system  checks  and  circuit 
changes  [Campbell  |    39(3):227  symposium  paper 

Predicting  aerosol  deposition  during  neonatxil  ventilation:  feasibility 
of  bench  testing  [O'Riordan  et  al[  39(121:1162  original  re- 
search 

Use  of  extrathoracic  negative  pressure  ventilation  in  weaning 
COPD  and  kyphoscoliotic  patients  from  mechanical  ventilation 
[DelBufaloetall    39(1):21  research  anicle 
MedJcal  Direction:  See  specific  CPG  titles 
Medicare 

Current  and  future  role  of  respiratory  care  practitioners  in  home  care 
[Giordano[    39(4):321  conference  proceedings 

Demographics  and  financial  impact  of  home  respiratory  care 
[  Dunne  1    39(4):309  conference  proceedings  Icorrection  on 
39(5):587j 
Medications:  See  Drugs  &  Drug  Therapy 
Meta-Analysis 

An  introduction  to  meta-analysis  [Jones]    39(  1  ):34  review  anicle 
Metered  Dose  Inhalers  (MDls):  Also  see  Nebulizers,  Inhalers,  & 

Vaporizers 

Delivery  of  aerosols  to  the  upper  airway    39(81:803  Clinical 
Practice  Guideline 
Method  &  Technique  Evaluations:  See  Evaluation  of  Methods  & 

Techniques 
MLsallocation  of  RC  Services 

Potential  misallocation  of  respiratory  care  services  revisited 
[Tietsort]    39(  10):  1004 /<'«<'/• 
Models,  Animal 

Lung-volume-dependent  effects  of  varying  inspiratory  tiine  during 
high-frequency  oscillation  of  surfactant-deficient  rabbits 
[  Weber  et  al  [    39(  10):973  research  anicle 
Models,  Mathematical 

Interpreting  decision-analysis  models  of  cost-effectiveness 
[Richards]    mm:*>59 editorial 

Pulmon;iry  itrtery  catheteri/xition  in  exacerbations  of  COPD  requir- 
ing mechanical  ventilation:  a  cost-effectiveness  ;uialysis  [Smith 
&  Pesce[    39(  10):%l  research  anicle 

Respiratory  system  lx"ha\ior  during  mech;uiieal  intlalioii  with  con- 
stant inspiratory  pressure  antl  How  [Chatbuni  el  al  |  39(  10):979 
research  article 
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Monitoring:  Also  see  Specific  CPG  titles 

Application  of  continuous  positive  airway  pressure  to  neonates  via 
nasal  prongs  or  nasopharyngeal  tube  39(8):817  Clinical 
Practice  Guideline  [correction  on  39(11):1050] 

Capillary  blood  gas  sampling  for  neonatal  &  pediatric  pa- 
tients   39(  12):  1 180  Clinical  Practice  Guideline 

Metabolic  measurement  using  indirect  calorimetry  during  mechani- 
cal ventilation    39(  12):  1 170  Clinical  Practice  Guideline 

Mobilization  of  secretions  in  ICU  patients  [Judson  &  Sahn] 
39(3):213  symposium  paper 

Monitoring  gas  exchange:  clinical  effectiveness  and  cost  considera- 
tions [Durbin]    39(2):  123  symposium  paper 

Neonatal  time-triggered,  pressure-limited,  time-cycled  mechanical 
ventilation  39(8):808  Clinical  Practice  Guideline  [correction 
on  39(11  ):1050] 

A  new  respiratory  monitor  that  enables  accurate  measurement  of 
work  of  breathing:  a  validation  study  [Blanch  &  Banner] 
39(9):897  research  article 

Surfactant  replacement  therapy  39(8):824  Clinical  Practice 
Guideline 

Transcutaneous  blood  gas  monitoring  for  neonatal  &  pediatric  pa- 
tients   39(12):1176  Clinical  Practice  Guideline 

Use  of  negative  pressure  ventilation,  rocking  beds,  and 
Pneumobelts  [Hill]    39(5):532  conference  proceedings 

Ventilator  circuit  changes    39(8):797  Clinical  Practice  Guideline 
Mucormycosis 

Nosocomial  cutaneous  mucormycosis  at  the  site  of  endotracheal 
tube  taping  [Amundson  et  al]    39(9):917  letter 
Muscles,  Respiratory 

Physical  reconditioning  of  patients  with  respiratory  diseases:  legs, 
arms,  and  breathing  retraining  [Celli]    39(5):481  conference 
proceedings 
Nebulizers,  Inhalers,  &  Vaporizers 

Aerosol  research:  how  should  we  skin  this  cat?  [McPeck] 
39(12):  1155  e(//tona/ 

Comparison  of  aerosol  delivery  via  Circulaire  system  vs  conven- 
tional small  volume  nebulizer  [Mason  et  al]  39(  12):  1 157  orig- 
inal research 

Delivery  of  aerosols  to  the  upper  airway  39(8):803  Clinical 
Practice  Guideline 

Guideline  for  prevention  of  nosocomial  pneumonia  [CDC] 
39a2):n9l  guidelines 
Negative  Pressure  Ventilation 

Negative  pressure  ventilation  for  facilitation  of  weaning  from  me- 
chanical ventilation — back  to  the  future?  [Hill]  39(  1 ):  19  edito- 
rial 

Use  of  negative  pressure  ventilation,  rocking  beds,  and 
Pneumobelts  [Hill]    39(5):532  conference  proceedings 
Neonatal  Respiratory  Care:  See  Respiratory  Care,  Neonatal 
Neuromuscular  Diseases  &  Their  Problems 

Physical  reconditioning  of  patients  with  respiratory  diseases:  legs, 
arms,  and  breathing  retraining  [Celli]  39(5):481  conference 
proceedings 


Transition  from  the  intensive  care  unit  to  home:  patient  selection 
and  discharge  planning  [Gilmartin]    39(5):456  conference  pro- 
ceedings 
Nicotine:  See  Smoking  of  Tobacco 
Nomograms 

Controlling  carbon  dioxide  delivery  during  mechanical  ventilation 
[Chatbum  &  Anderson]    39(11):1039  research  article 
Noninvasive  Ventilation 

Indications  and  criteria  for  decannulation  and  transition  from  inva- 
sive to  noninvasive  long-term  ventilatory  support  [Bach  & 
Saporito]    39(5):515  conference  proceedings 
Noninvasive  positive-pressure  ventilation  at  home  [Leger]    39 

(5):501  conference  proceedings 
Noninvasive  positive  pressure  ventilation  in  end-stage  cystic  fibro- 
sis: a  report  of  seven  cases  [Padman  et  al]    39(7):736  case  report 
Use  of  negative  pressure  ventilation,  rocking  beds,  and  Pneumo- 
belts [HUl]    i9(S):5i2  conference  proceedings 
Occupational  Exposure:  See  Caregiver  Protection 
Open  Forum 

Open  Forum  abstracts   39(  1 1 ):  1059 
Open  Forum  authors  39(11):1116 
Orders  for  Therapy:  See  Protocols,  Therapist-Driven 
Oxygen  Administration  &  Therapy 

Administration  of  air  when  oxygen  was  intended  [Howard] 

39{6):669  letter 
Center-based  vs  patient-based  diagnosis  and  therapy  of  sleep-relat- 
ed respiratory  disorders  and  the  role  of  the  respiratory  care  prac- 
titioner [Decker  et  al]    39(4):390  conference  proceedings 
Controversial  indications  for  long-term  oxygen  therapy 

[Fletcher]    39(4):333  conference  proceedings 
Controversies  in  home  respiratory  care:  conference  summary 

[Pierson]    39(4):294  conference  proceedings 
Intemjption  of  oxygen  therapy  during  intrahospital  transport  of 
non-ICU  patients:  elimination  of  a  common  problem  through 
caregiver  education  [Stubbs  et  al]    39(  10):968  research  article 
Novel  strategies  for  delivering  oxygen:  reservoir  cannula,  demand 
flow,  &  transtracheal  oxygen  administration  [Hoffman] 
39(4):363  conference  proceedings 
Partial-  vs  nonrebreathing  masks  [Farias]    39(2):154  letter 
Simulated  pediatric  cardiopulmonary  resuscitation:  initial  events 
and  response  times  of  a  hospital  arrest  team  [Palmisano  et 
al]    39(7):725  research  article 
Travel  for  the  technology-dependent  individual  [Stoller]  39(4):347 
conference  proceedings  [correction  on  39(8):796] 
Peak  Flow  Meter:  Also  see  Pulmonary  Function  Testing 

An  accurate  assessment  of  peak  flow?  [Ziegler  &  Fried]  39(3):254 
letter  [response  by  Simmons] 
Pediatric  Respiratory  Care:  See  Respiratory  Care,  Pediatric 
PEEP:  See  Positive  End-Expiratory  Pressure 
Percussion:  See  Bronchial  Hygiene  Therapy 
"PFT  Comer"  Feature  (brief  case  reports  involving  pulmonary 
function  tests,  with  questions,  answers,  &  discussion) 
PFT  Comer  #51— can't  or  won't?  [Wanger  &  Irvin]    39(1):67 
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PFT  Comer 
PFT  Comer  #52 — cardiopulmonary  exercise  testing  in  the  preoper- 
ative evaluation  of  patients  with  lung  cancer  [Miller  & 
Wilson!    39(1):7S7  PFT  Comer 
Phamiacology:  See  Drugs  &  Drug  Therapy 
Pneumobelts 

Use  of  negative  pressure  ventilation,  nxking  beds,  and  Pneumo- 
belts [Hill]    39(5):532  conference  proceedings 
Pneumonia,  Nosocomial 

Guideline  for  prevention  of  nosocomial  pneumonia  [CDC] 

mn):n91  guideline 
Guideline  for  prevention  of  nosocomial  pneumonia  and  ventilator 
circuits:  time  for  a  change?  [Hess]    39(  12):  1 149  editorial 
Pneumothorax 

Commentary  on  RETROSPECTROCOPE  [Rendell-Baker] 

39(21:154 /effer 
Piedalue  wants  more  answers  about  airway  pressure  and  pulmonary 
mechanics  [Piedalue]    39(6):669  letter  [response  by  Pierson  & 
Hildebrandt] 
Polysomnography 

Center-based  vs  patient-based  diagnosis  ;md  therapy  of  sleep-relat- 
ed respiratory  disorders  and  the  role  of  the  respiratory  care  prac- 
titioner [Decker  et  al|    39(4):390  conference  proceedings 
Positive  End-Expiratory  Pressure  (PEEP) 

Expiratory  hold  vs  clamping/transducing  for  intrinsic  PEEP  deter- 
mination in  the  Siemens  900C  [Madsen  et  al]    39(6):623  re- 
search article 
Positive  Expiratory  Pressure  (PEP) 

A  review  of  airway  clearance:  new  techniques,  indications,  and  rec- 
ommendations [Hardy]    39(5):440  conference  proceedings 
Postural  Drainage:  See  Bronchial  Hygiene  Therapy 
Pregnancy 

Hypoxemia  in  a  postpartum  patient  with  complex  congenital  he;irt 
disease  [Vega  &  Durbin[    39(6):646  Test  Your  Radiologic  Skill 
Pressure,  Barometric 

Cerebral  ga.s  embolism:  a  review  and  update  [Nelson  et  al|    39(6): 

635  review  article 
Travel  for  the  technology-dependent  individual  [Stollerl  39(4):347 
conference  proceedings  Icorrection  on  39(8):796] 
Product  Problem  Reporting:  See  FDA 
Profes.sionalism 

Commenliiry  on  RCP  smoking  behavior  [ Miirtin]    39(2):  152  letter 
More  on  cigiirettc  smoking  and  RCPs  [Su/or|    39(2):153  letter 
ProtiK'ols,  Therapist-Driven 

Bcndlts  associated  with  a  respiratoi'y  care  assessment-treatment 
program:  results  of  a  pilot  study  [Shrake  et  al|  39(7):715  re- 
search article 
Is  our  educational  system  adequately  prepiiring  respiratory  care 
practitioners  for  therapist-driven  protocols?  [Meredith  el 
all  miynm editorial 
Therapist-driven  protocols — a  different  view?  [Tietsort  & 

Clifford  [    39(3):255  letter  \  response  by  Stollerl 
Therapist-driven  protocols:  the  state  of  the  art  [Weber  & 


Milligan]    39(7):746  conference  report 
Why     therapist-driven     protocols?     a     balanced     view 

[Stoller]    39a):706  editorial 
Pulmonary  Artery  Catheters:  See  Catheters  &  Catheterization 
Pulmonary  Function  &  Pulmonary  Function  Testing:  Also  see 
"PFT  Corner"  Feature  and  Specific  Headings  (eg.  Lung 
Mechanics) 
An    accurate    assessment    of   peak    fiow?    [Ziegler    & 

Fried]    39(3):254  letter  [response  by  Simmons] 
Clinical  comparison  of  two  aerosol  holding  chainbers:  ACE  vs 

Aerochamber  [Perry  et  al]    39(  11):1047  research  article 
PFT  Comer  #52 — cardiopulmonary  exercise  testing  in  the  preoper- 
ative evaluation  of  patients  with  lung  cancer  [Miller  & 

Wilson]    iWY.lSl  PFT  Comer 
Static  lung  volumes    39(8):830  Clinical  Practice  Guideline  [cor- 
rection on  39(9):916] 
Quality  Assurance 

Intermption  of  oxygen  therapy  during  intrahospital  transport  of 

non-ICU  patients:  elimination  of  a  common  problem  through 

caregiver  education  [Stubbs  et  al]    39(10):968  research  article 
Simulated  pediatric  cardiopulmonary  resuscitation:  initial  events 

and  response  times  of  a  hospital  arrest  team  [Palmisano  et 

al[    39(71:725  research  article 
Radiography,  Diagnostic:  See  Imaging 
Reconditioning 

Physical  reconditioning  of  patients  with  respiratory  diseases:  legs. 

arms,  and  breathing  retraining  [Celli]    39(5):481  conference 

proceedings 
Rehabilitation 

Physical  reconditioning  of  patients  with  respiratory  diseases:  legs, 

arms,  and  breathing  retraining  [Celli]    39(5):48I  conference 

proceedings 
Reimbursement  Issues 

Controversies  in  home  respiratory  care:  conference  summary 

[Pierson]    39(4):294  conference  proceedings 
Current  and  future  role  of  respiratory  care  practitioners  in  home  care 

[Giordanol    39(4):321  conference  proceedings 
Demographics  and  financial  impact  of  home  respiratory  care 

[Dunne[    39(4):309  conference  proceedings  Icorrection  on 

39(5):587l 
Transition  from  the  intensive  cait'  unit  to  home:  patient  selection 

and  discharge  planning  [Gilni;irtin|    i'fiSyASb  conference  pro- 
ceedings 
Research 

An  introduction  to  meta-analysis  [ Jones |    39(\):34  review  (nliclc 
RCPs.  Cl'R.  and  rese;uvh  on  mouth-to-mask  devices  [Palmisano  et 

al]    39(9):917 /<«('/ 
Research  on  resuscitation  by  RCPs  is  long  overdue  [B;inics  & 

Durbin]    39{7):712  editorial 
RETROSPECTROSCOPE  Redux:  ■•tell  it  like  il  was"  [Comroc[ 

39(6):657  Classic  Reprint 
RETROSPECTROSCOPE  REDUX:  what  makes  the  sky  blue? 

[ComriK-[    39(3):237  (7(/.v.v/(  A:<7<;y/i/ 
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Therapist-driven  protocols — a  different  view?  [Tietsort  & 
Clifford]    39{3):255  letter  [response  by  StoUer] 

Why  therapist-driven  protocols?  a  balanced  view  [Stoller] 
miyJOeedilonal 
Resources,  Allocation  of 

Controversies  in  home  respiratory  care:  conference  summary 
fPierson]    39(4):294  conference  proceedings 

Current  and  future  role  of  respiratory  care  practitioners  in  home  care 
[Giordano]    39(4):321  conference  proceedings 

Demographics  and  financial  impact  of  home  respiratory  care 
[Dunne]    39(4):309  conference  proceedings  [correction  on 
39(5):587l 
Respiratory  Care,  Neonatal 

Application  of  continuous  positive  airway  pressure  to  neonates  via 
nasal  prongs  or  nasopharyngeal  tube  39(8):817  Clinical 
Practice  Guideline  [correction  on  39(11):1050] 

Capillary  blood  gas  sampling  for  neonatal  &  pediatric  pa- 
tients   39(12):1180  Clinical  Practice  Guideline 

Idiopathic  vocal  cord  paralysis  in  a  newborn  infant:  a  case  report 
[Douglas  &  Polamreddy]    39(6):630  case  report 

Neonatal  time-triggered,  pressure-limited,  time-cycled  Mechanical 
Ventilation  39(8):808  Clinical  Practice  Guideline  [correction 
on  39(11):1050] 

Predicting  aerosol  deposition  during  neonatal  ventilation:  feasibility 
of  bench  testing  [O'Riordan  et  al]  39(12):  1162  original  re- 
search 

Surfactant  replacement  therapy  39(8):824  Clinical  Practice 
Guideline 

Transcutaneous  blood  gas  monitoring  for  neonatal  &  pediatric  pa- 
tients   39(12):1176  Cliniccd  Practice  Guideline 
Respiratory  Care,  Pediatric 

Capillary  blood  gas  sampling  for  neonatal  &  pediatric  pa- 
tients   39(12):1180  Clinical  Practice  Guideline 

Evaluation  of  a  prototype  expiratory-phase  aerosol  controller  dur- 
ing simulated  pediatric  volume-controlled  ventilation  [Keenan 
&  Salyer]    39(6):617  research  article 

Home  mechanical  ventilatory  assistance  for  infants 
[Kacmarek]    39(5):550  conference  proceedings 

RCPs,  CPR.  and  research  on  mouth-to-mask  devices  [Palmisano  et 
al]    i9{9):9\lletter 

Simulated  pediauic  cardiopulmonary  resuscitation:  initial  events 
and  response  times  of  a  hospital  arrest  team  ]Palmisano  et 
al]    39(7):725  research  article 

Transcutaneous  blood  gas  monitoring  for  neonatal  &  pediatric  pa- 
tients   39(12):1176  Clinical  Practice  Guideline 

The  use  of  exogenous  surfactant  in  three  pediatric  patients  follow- 
ing severe  gastric  aspiration  [Thomas  et  al]    39(9):912  case  re- 
port 
Respiratory  Care  Departments/Services:  Also  see  Protocols, 

Therapist-Driven 

One  respiratory  care  department's  contribution  to  the  "bottom  line' 
[LeBouef]    39(7):740  special  article 
Respiratory  Care  Practice  &  Procedures:  See  Guidelines, 


Recommendations,  &  Statements 
Respiratory  Care  Practitioners  &  Role  of 

Benefits  associated  with  a  respiratory  care  assessment-treatment 
program:  results  of  a  pilot  study  [Shrake  et  al]  39(7):715  re- 
search article 

Center-based  vs  patient-ba.sed  diagnosis  and  therapy  of  sleep-relat- 
ed respiratory  disorders  and  the  role  of  the  respiratory  care  prac- 
titioner [Decker  et  al  ]    39(4):390  conference  proceedings 

Commentary  on  RCP  smoking  behavior  [Martin]    39(2):152  letter 

Controversies  in  home  respiratory  care:  conference  summary 
[Pierson]    39(4):294  conference  proceedings 

Current  and  ftiture  role  of  respiratory  care  practitioners  in  home  care 
[Giordano]    39(4):321  conference  proceedings 

Is  our  educational  system  adequately  preparing  respiratory  care 
practitioners  for  therapist-driven  protocols?  [Meredith  et 
al]    39(7):709  editorial  ASRA  39(7):709  &  39(7):746 

More  on  cigarette  smoking  and  RCPs  [Suzor]    39(2):153  letter 

Potential  misallocation  of  respiratory  care  services  revisited 
[Tietsort]    39(10):  1004 /er/e/- 

RCPs.  CPR,  and  research  on  mouth-to-mask  devices  [Palmisano  et 
al]    m9):9n  letter 

Research  on  resuscitation  by  RCPs  is  long  overdue  [Barnes  & 
Durbin]    39(7):712  editorial 

Respiratory  care  practitioners  as  secondary  providers  of  endotra- 
cheal intubation:  one  hospital's  experience  [Zyla  & 
Carlson]    39(  1  ):30  research  article 

Therapist-driven  protocols:  the  state  of  the  art  ]Weber  &  Milligan] 
39(7):746  conference  report  ASRA  39(7):706  &  39(7):709 

Transition  from  the  intensive  care  unit  to  home:  patient  selection 
and  discharge  planning  [Gilmartin]  39(5):456  conference  pro- 
ceedings 

Who  should  perfomi  endotracheal  intubation?  a  summary  of  issues 
[Buck  &  SouthomI    39(1):17  editorial 
Respiratory  Care  Services 

Potential  misallocation  of  respiratory  care  services  revisited 
[Tietsort]    39(10):1004/em'r 
Respiratory  Distress  Syndrome 

Surfactant  replacement  therapy  39(8):824  Clinical  Practice 
Guideline 

The  use  of  exogenous  siufactant  in  three  pediatric  patients  following 
severe  gastric  aspiration  [Thomas  et  al]    39(9):912  case  report 
Respiratory  Mechanics:  See  Lung  Mechanics 
Resuscitation  &  Related  Equipment  &  Supplies 

RCPs,  CPR,  and  research  on  niouth-to-mask  devices  [Palmisano  et 
al]    2>9m:9n  letter 

Research  on  resuscitation  by  RCPs  is  long  overdue  [Barnes  & 
Durbin]    39a):7 12  editorial 

Simulated  pediatric  cardiopulmonary  resuscitation:  initial  events 
and  response  times  of  a  hospital  arrest  team  [Palmisano  et 
al]    39(7):725  research  article 
"Retrospectroscope  Redux" 

Commentary  on  RETROSPECTROSCOPE  [Rendell-Baker] 
39(2):154/<?r/f/- 
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RETROSPECTROSCOPE  REDUX:  hydrogen,  balloons,  &  pressures 

[Comroe]    39(  1  ):63  C7o,v\/c  Reprint 
RETROSPECTROSCOPE  REDUX:  what  makes  the  sky  blue? 
[ComRie]    39(3):237  Classic  Reprint 
Rocking  Beds 

Use  of  negative  pressure  ventilation,  rocking  beds,  and  Pneumo- 
belts  [Hill]    39{5):5i2  conference  proceedings 
Role:  See  Respiratory  Care  Practitioners  &  Role  of 
Scuba  Diving 

Cerebral  gas  embolism:  a  review  and  update  [Nelson  et 
al]    39(6):635  review  article 
Self-Management 

Collaborative  self-management  strategies  for  patients  with  respira- 
tory disease  [Make]    39(5):566  conference  proceedings 
Skilled  Nursing  Facilities 

Potential  misallocation  of  respiratory  care  services  revisited 
[Tietsort]    39(10):1004/cfffr 
Sleep-Disordered  Breathing 

Center-based  vs  patient-based  diagnosis  and  therapy  of  sleep-relat- 
ed respiratory  disorders  and  the  role  of  the  respiratory  care  prac- 
titioner [Decker  et  al]    39(4):390  conference  proceedings 
Controversial  indications  for  long-term  oxygen  therapy 
[Fletcher]    39(4):333  conference  proceedings 
Smoking  of  Tobacco 

Commentary  on  RCP  smoking  behavior  [Martin]   39(2):  152  letter 
More  on  cigarette  smoking  and  RCPs  JSuzor]    39(2):  153  letter 
Software  Evaluations 

A  new  respiratory  monitor  that  enables  accurate  measurement  of 
work  of  breathing:  a  validation  study  [Blanch  &  Banner] 
39(9):897  research  article 
Spectroscopy 

Relative  agreement  between  Raman  and  mass  spectrometry  for 
measuring  end-tidal  carbon  dioxide  [Graybeal  &  Russell] 
39{3):190  researcluirticle 
Spirometry:  Also  see  Pulmonary  Function  Testing 

An  accurate  assessment  of  peak  flow?  [Ziegler  &  Fried]  39(3): 
254  letter  [response  by  Simmons] 
Statistics 

An  introduction  to  meta-analysis  [Jones]    39(  1  ):34  review  article 
Steroids 

Update  on  inhaled  steroids  IMathewson  &  Kovac]    39(8):837 
Drug  Capsule 
Suction,  Suctioning,  &  Suction  Devices  &  Supplies 

Bezold-Jarisch  reflex — ;in  indication  for  closed-system  suctioning: 

a  case  report  [Lee  &  Wu  ]    39(6):627  case  repoil 
Mobilization  of  secretions  in  ICU  patients  [Judson  & 
Sahn]    39(3):213  symposium  paper 
Surfactant  &  Surfactant  Therapy 

Lung-volume -dependent  cITects  of  varying  inspiratoi'y  time  during 
high-frequency  oscillation  of  surfactant-deficient  rabbits 
[Weber etal]    39(10):973 
Surfactant  replacement  therapy    39(8):824  Clinical  Hracticc 
Guideline 


The  use  of  exogenous  surfactant  in  three  pediatric  patients  follow- 
ing severe  gastric  aspiration  [Thomas  et  al]    39(9):912  case 
repori 
Surgery 

Pulmonary  pathology  following  intra-abdominal  surgery 

IGehling]    39(1):70  Test  Your  Radiologic  Skill 
Timing  of  tracheotomy:  what  is  the  best  approach?  [Hoffrnan] 
39(4):378  conference  proceedings 
Symposium  Proceedings:  See  Conference  &  Symposium 

Proceedings 
Terminology 

Chatbum's  ventilator  classification  scheme — a  poor  substitute  for 
the  classic  approach  [Blanch  &  Desautels]    39(7):762  letter 
[response  by  Chatbum] 
An  educator  calls  for  a  standardization  of  terms;  taking  the  fat  out  of 
respiratory  care's  alphabet  soup  [Sorbello]    39(7):772  letter 
"Test  Your  Radiologic  Skill"  Feature  (briefcase  reports  including 
radiographs,  with  questions,  answers,  &  discussion) 
Airway  compromise  in  two  patients  with  aplastic  anemia  and  coag- 
ulation abnormalities  JGleaton  &  Ognibene]   39(11):1051  Test 
Your  Radiologic  Skill 
Hemoptysis  and  dyspnea  in  a  young  woman  [Lange  et  al] 

39(3):242  Test  Your  Radiologic  Skill 
Hypoxemia  in  a  postpartum  patient  with  complex  congenital  heart 
disease  [Vega  &  Durbin]    39(6):646  Test  Your  Radiologic  Skill 
A  large  thin-walled  cavity  with  an  air-fluid  level  on  chest  radio- 
graph [Harrigan]    39(  10):994  Test  Your  Radiologic  Skill 
Pulmonary  pathology  following  intra-abdominal  surgery 
[Gehling]    39(  1  ):70  Test  Your  Radiologic  Skill 
Therapist-Driven  Protocols:  See  Protocols,  Therapist-Driven 
Tomography,  Computed:  See  Imaging 
Tracheostomy:  See  Airway  Care  &  Management 
Tracheotomy:  Also  see  Airway  Care  &  Management 

Timing  of  tracheotomy:  what  is  the  best  approach?  ]Hoffman] 
39(4):378  conference  proceedings 
Transcutaneous  Blood  Gas  Monitoring 

Transcutaneous  blood  gas  monitoring  for  neonatal  &  pediatric  pa- 
tients   39(  12):  1 176  Clinical  Practice  Guideline 
Transplantation  of  Organs 

Noninvasive  positive  pressure  ventilation  in  end-stage  cystic  fi- 
brosis: a  report  of  seven  cases  JPadman  et  al]    39(7):736  case 
report 
Traasport 

Interruption  of  oxygen  therapy  during  intrahospital  transport  of 
non-ICU  patients:  elimination  of  a  common  problem  through 
caregiver  education  |  Stubbs  ct  al  ]    39(  10):968  research  article 
Travel 

Travel  for  the  lechnology-dependent  individual  [Sloller] 
39(4):347  conference  proceedings  Icorrectitm  on  39{8):796] 
Tuberculosis:  Also  see  Infection  &  Infection  Contn)l 

TB  control  guidelines  deserve  our  attention,  loo  |Brougher] 
39(12):1154c<//7»nW 
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Tubes,  Endotracheal:  Also  see  Airway  Care  &  Management 

A  comparison  of  the  imposed  work  of  breathing  with  endotracheal 

and  tracheostomy  tubes  in  a  lung  model  [Davis  et  al]  39(6):611 

research  article 
Nosocomial  cutaneous  mucormycosis  at  the  site  of  endotracheal 

tube  taping  [Amundson  et  al]    39(9):917  letter 
Tubes,  Tracheostomy:  Also  see  Airway  Care  &  Management 
A  comparison  of  the  imposed  work  of  breathing  with  endotracheal 

and  tracheostomy  tubes  in  a  lung  model   [Davis  et 

al]    39(6):611  research  article 
Upper-Airway  Disorders 

Delivery  of  aerosols  to  the  upper  airway    39(8):803  Clinical 

Practice  Guideline 
Ventilator  Circuits:  Also  see  Equipment  &  Supplies 

Guideline  for  prevention  of  nosocomial  pneumonia  [CDC] 

39(12):  1191, i;((/(M>ic 
Guideline  for  prevention  of  nosocomial  pneumonia  and  ventilator 

circuits:  time  for  a  change?  [Hess]    39(12):1149  editorial 
Managing  the  patient-ventilator  system:  system  checks  and  circuit 

changes  [Campbell]    39(3):227  symposium  paper 
Ventilator  circuit  changes    39(8):797  Clinical  Practice  Guideline 
Vocal  Cord  Dysfunction 

Idiopathic  vocal  cord  paralysis  in  a  newborn  infant:  a  case  report 

[Douglas  &  Polamreddy]    39(6):630  case  report 
Weaning 

Indications  and  criteria  for  decannulation  and  transition  from  inva- 
sive to  noninvasive  long-term  ventilatory  support  [Bach  & 

Saporito]    39(5):515  conference  proceedings 
Negative  pressure  ventilation  for  facilitation  of  weaning  fium  mechan- 


ical ventilation — back  to  the  future'  ]Hill]    i^ilyA*)  editorial 

Routine  measurement  of  work  of  breathing:  is  it  necessary? 
[Kacmarek  &  Hess]    39(9):881  editorial 

Transition  from  the  intensive  care  unit  to  home:  patient  selection 
and  discharge  planning  [Gilmartin]  39(5):456  conference  pro- 
ceedings 

Use  of  extrathoracic  negative  pressure  ventilation  in  weaning 
COPD  and  kyphoscoliotic  patients  froin  mechanical  ventilation 
[Del  Bufalo  et  al]    39(  1  ):21  research  article 

Work  of  breathing:  how  to  define  and  when  to  measure? 
[Adams]    i9{9):SS3  editorial 
Work  of  Breathing 

A  comparison  of  CPAP  pertbmiance  characteristics  of  the  Purit;ui- 
Bennett  7200a  and  a  prototype  continuous  pressure-regulating 
ventilator  JTobia  &  Fischer]    39(3):  195  research  article 

A  comparison  of  the  imposed  work  of  breathing  with  endotracheal 
and  tracheostomy  mbes  in  a  lung  model  [Davis  et  al]  39(6):61 1 
research  article 

Decreasing  the  work  of  breathing:  how  much  of  a  change  is  impor- 
tant? [Branson]    39(3):187  editorial 

Row-triggering  does  not  decrease  the  work  of  breathing  and  pres- 
sure-time product  in  COPD  patients  ] Jager  et  al  ]  39(9):892  re- 
search article 

A  new  respiratory  monitor  that  enables  accurate  measurement  of 
work  of  breathing:  a  validation  study  ]Blanch  &  Ban- 
ner]   39(9):897  research  article 

Routine  measurement  of  work  of  breathing:  is  it  necessary? 
[Kacmarek  &  Hess]    39(9):881  editorial 

Work  of  breathing:  how  to  define  and  when  to  measure? 
[Adams]    i9(9):9»i  editorial 
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Therapeutics  in  Re.spiratory  Disease,  by 

Peter  J  Barnes  MA  DM  DSc,  Kian  Fan 
Chung  MD.  Timothy  W  Evans  MD  PhD, 
and  Stephen  G  Spiro  MD,  with  a  contribu- 
tion by  Robert  F  Miller  MB  BS,  Hardcover, 
174  pages  with  index,  30  illustrations. 
London:  Churchill  Livingstone,  1994, 
$59,95, 

Therapeutics  in  Respiratory  Disease 

is  an  interesting  and  informative  text  by  Dr 
Peter  Barnes  and  colleagues,  which,  in  the 
words  of  the  authors,  "describes  the  drug 
treatments  currently  available  for  the  man- 
agement of  lung  diseases,  and  also  gives 
some  consideration  to  new  treatments 
under  development,"  The  rationale  for  such 
a  text  is  well  founded.  New  drugs  have 
been  introduced  to  treat  lung  diseases,  uses 
of  old  drugs  have  changed,  and  understand- 
ing of  the  disease  processes  themselves  is 
increasing,  which  ultimately  affects  the 
treatment.  The  authors  cite  asthma  as  an 
example — where  an  appreciation  of  the  in- 
tlammatory  nature  of  the  disease  has  led  to 
the  use  of  inhaled  corticosteroids  as  first- 
line  therapy.  The  text  is  not  a  book  about 
pulmonary  diseases  or  pharmacology  alone 
but  rather  a  melding  of  the  two  topics  into  a 
presentation  on  the  use  of  various  drugs 
and  drug  groups  in  the  treatment  of  lung 
diseases.  In  this  respect,  the  book  comple- 
ments and  advances  those  two  topics — pre- 
sented separately  in  many  curricula — as  a 
single  integrated  subject. 

The  authors  offer  the  hope  that  the  text 
will  be  useful  for  respiratory  phy.sicians  (a 
specialty  beyond  the  introductory  medical 
level),  clinical  pharmacologists,  and  re- 
searchers involved  in  lung  diseases.  To  that 
list  should  be  added  respiratory  care  practi- 
tioners. Although  the  book  is  advanced  for 
respiratory  therapy  students,  an  effort  to 
comprehend  the  material  would  be  reward- 
ed with  a  better,  more  integrated  under- 
standing of  drug  therapy  and  lung  diseases. 
In  particular,  the  authors  concisely  discuss 
drug  therapy  of  lung  diseases  other  than 
chronic  obstructive  pulmonary  disease 
(COPD)  and  tuberculosis  (eg.  pulmonary 
vascular  disease  and  lung  cancer).  The 
book  would  be  a  valuable  reference  for  ed- 
ucators and  serious  practitioners  who  wish 
to  advance  their  knowledge.  Because  the 


text  combines  the  two  subjects  of  pul- 
monary disease  and  phannacology  into  an 
application  of  drug  therapy  in  managing 
lung  disease,  some  background  knowledge 
of  these  two  subjects  is  helpful.  From  a 
practical  point  of  view,  it  may  be  difficult 
to  use  the  text  in  the  curriculum  of  a  respi- 
ratory care  program  in  which  topics  typi- 
cally are  introduced  in  a  compartmental- 
ized fashion. 

When  the  American  reader  considers 
this  book,  it  is  important  to  note  that  all  of 
the  authors  are  practicing  in  the  United 
Kingdom  (U.K.),  and  are  presenting  respi- 
ratory medicine  outside  of  the  United 
States.  This  affects  drug  names  as  well  as 
spelling  of  medical  terms.  For  example,  in- 
stead of  the  more  familiar  names  of 
epinephrine,  isoproterenol,  and  albuterol, 
one  reads  adrenaline,  isoprenaline.  and 
salbutamol.  However,  this  can  broaden  the 
horizon  of  the  American  reader,  a  benefi- 
cial side  effect.  For  the  reader  unfamiliar 
with  British  spellings,  be  prepared  to  see 
'nebulised'  instead  of  'nebulized."  'oede- 
ma' for  'edema."  and  'hypoxaemia"  rather 
than  'hypoxemia."  Drugs  are  also  men- 
tioned that  are  not  currently  available  in  the 
United  States,  including  the  long-acting 
beta-:  agonist  fomioterol.  some  of  the  in- 
haled corticosteroids  such  as  betametha- 
sone maleate  and  fluticasone  propionate,  as 
well  as  antituberculosis  drugs,  thiacetazone 
and  prothionamide.  Differences  are  also 
found  in  terminology  used  for  oxygen  de- 
livery equipment.  In  Chapter  .3. 
"Respiratory  Failure,"  the  terms  "fixed  per- 
formance devices"  and  "variable  perfor- 
mance devices"  are  used  to  denote  the 
American  categories  of  high-fiow  and  low- 
flow  oxygen  delivery  devices,  respectively. 
An  example  of  a  fixed  perfbnnance  device 
is  given  by  the  venturi  mask,  and  the  vari- 
able performance  device  with  the  nasal 
cannula  and  the  simple  oxygen  mask.  The 
examples  and  description  of  peiforniance 
should  allow  the  American  practitioner  to 
quickly  translate  the  difference  in  terminol- 
ogy without  undue  confusion. 

Although  the  book  is  written  by  more 
than  one  author,  it  avoids  problems  that 
often  occur  with  multiple  writers.  This  is 
facilitated  by  the  fact  that  all  of  the  authors 
work  at  the  same  hospital  in  London 


(Royal  Brompton  National  Heart  and  Lung 
Hospital).  Specifically,  the  authors  use  a 
consistent  organizational  style,  with  a 
chapter  contents  outline  at  the  beginning  of 
every  chapter,  and  figures,  tables,  and 
boxes  prepared  with  a  uniform  appearance. 
This  contributes  greatly  to  a  clean,  clear 
format  and  maintains  the  clarity  of  organi- 
zation needed  with  contributions  from  mul- 
tiple authors.  The  book  consists  of  9  chap- 
ters, with  the  first  chapter  providing  an 
eclectic  but  highly  infonnative  overview  of 
pharmacologic  principles  and  concepts, 
with  examples  and  application  to  drugs 
u,sed  in  the  treatment  of  lung  disease.  In 
particular,  the  in-depth  presentation  of 
drug-receptor  interactions  (pharmacody- 
namics) is  well  done  and  extremely  useful 
for  respiratory  care.  Subsequent  chapters 
are  each  devoted  to  a  disease  state.  Chapter 
2  deals  with  obstructive  airway  diseases 
(asthma,  chronic  obstructive  pulmonary 
disease);  Chapters  3  through  10  discuss 
respiratory  failure,  respiratory  infections, 
infections  in  AIDS,  tuberculosis.  lung  can- 
cer, pulmonary  vascular  disease,  cough  and 
breathlessness.  and  drug-induced  pul- 
monary disease,  respectively.  In  particular, 
illustrations  are  well  done  and  of  uniform 
style,  and  they  complement  the  textual  pre- 
sentation. 

The  tenn  therapeutics,  in  the  title  of  the 
book,  is  actually  broadened  to  include 
modes  of  support  as  well  as  drugs.  In 
Chapter  3.  it  is  interesting  to  see  oxygen  rec- 
ognized as  a  drug  and  modes  of  delivery  re- 
viewed. Oxygen  therapy  is  in  fact  a  broader 
topic  than  drug  therapy  because  medical  gas 
therapy  not  only  includes  the  agent  itself  but 
the  mode  of  delivery,  which  can  be  an  addi- 
tional form  of  therapeutic  supp<.)rt.  For  ex- 
ample, continuous  positive  airway  pressure 
(CPAP)  is  presented  in  the  discussion  of 
oxygen  therapy.  This  fonn  of  support  adds 
pressure  tt)  the  oxygen,  and  one  could  argue 
that  tills  is  a  mode  of  support  and  not  just  a 
I'omi  tif  daig  therapy.  Simikuly,  in  Chapter 
S.  "Pulmonaiy  Vascular  Disease.""  tlie  au- 
thors discuss  modes  of  ventilatory  support 
such  as  pressure-control  inverse-ratio  venti- 
lation. \'t)lume-controllcd  inverse-ratio  ven- 
tilation, and  extracorporeal  gas  exchange  for 
treating  adult  respiratory  distress  syndrome 
(ARDS).  in  addition  to  phannacologic  inter- 
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vention.  Nonetheless,  the  primary  emphasis 
throughout  the  text  is  on  drug  therapies  of 
lung  diseases,  fulfilling  the  stated  goal  of  the 
authors  in  the  Preface. 

The  accuracy  and  quality  of  the  book  ap- 
pear to  be  superior.  However,  some  deficien- 
cies were  noted.  In  Chapter  2.  "Obstructive 
Airway  Di.sease,"  the  term  "chronic  obstruc- 
tive airways  disease.'  or  COAD.  is  used; 
whereas  Chapter  3.  "Respiratory  Failure."  in- 
troduces 'chronic  obstructive  pulmonary  dis- 
ease.' or  COPD.  In  Chapter  2,  COAD  is  acOi- 
ally  identified  as  emphysema  and  specifically 
does  not  include  chronic  bronchitis.  Tlie  rela- 
tion or  difference  between  COPD  and  COAD 
is  not  made  clear  by  the  authors.  This  may  be 
a  weakness  of  multiple  authorship  that  was 
not  totally  avoided.  Other  deficiencies  may 
reflect  the  lack  of  an  identifiable  respiratory 
care  profession  with  specialized  education  in 
the  U.K.  An  example  is  seen  in  a  diagram  for 
continuous  positive  airway  pressure,  or 
CPAP,  in  Chapter  3  (Figure  3.2).  A  flowme- 
ter is  used  with  a  "flow  generator,"  which  hu- 
midifies the  gas  and  entrains  additional  gas.  to 
provide  a  total  flow  of  70-80  L/min.  Unless 
some  other  type  of  flow  generator  is  intended 
but  not  identified,  this  is  not  correct.  Air  en- 
trainment  does  not  occur  in  a  pressurized  sys- 
tem, as  every  therapist  well  knows.  Similarly, 
two  pressure  graphs  in  a  figure  in  Chapter  8 
(Figure  8.2)  are  identified  as  "inverse  ratio 
ventilation  and  airway  pressure-release  venti- 
lation." Neither  pressure  curve  describes 
APRV  but  rather  two  variably  increasing  in- 
spiratory pressure  levels  with  an  inspiratory 
hold,  giving  greater  inspiratory  than  expirato- 
ry times.  Other  errors  are  almost  certainly  ty- 
pographical: Arterial  oxygen  tension  is  noted 
as  Paco:-  both  in  the  text  of  Chapter  3  and  in  a 
table  (Box  3.1). 

Finally,  some  statements  appear  overly 
authoritative  and,  given  the  ever-changing 
environment  of  medical  science,  verge  on 
the  dogmatic.  For  example  in  Chapter  2,  on 
Page  14,  the  statement  is  made  "Chronic 
bronchitis  implies  mucus  hypersecretion  and 
is  not  associated  with  airflow  obstruction." 


These  last  comments  do  not  imply  that 
the  book  is  of  inferior  quality  or  not  of 
value.  I  would  recommend  the  text  for  all 
respiratory  care  practitioners,  to  broaden 
our  knowledge  of  drug  therapy  for  lung 
diseases,  especially  those  other  than  asthma 
and  COPD.  Respiratory  care  students  could 
well  be  introduced  to  this  text  before  com- 
pleting formal  coursework.  although  cost 
and  curricular  time  are  undeniable  con- 
straints. The  text  would  be  very  useful  for 
graduate  study  at  a  master's  degree  level. 

Joseph  L  Rau  Jr  PhD  RRT 

Professor  and  Chair 

Cardiopulmonary  Care  Sciences 

Georgia  State  University 

Atlanta,  Georgia 


Pharmacology  and  Therapeutics  in 
Respiratory  Care,  by  Theodore  J  Witek  Jr 
DrPH  and  E  Neil  Schachter  MD.  Hardcover 
465  pages,  illustrated  Philadelphia:  WB 
Saunders  Co,  1994.  $39.95. 

This  is  a  collaborafive  work  involving 
19  consulting  editors,  among  them  Dr  Irwin 
Ziment,  who  wrote  the  first  comprehensive 
text  on  respiratory  pharmacology  (published 
in  1978),  and  who  has  supplied  a  foreword 
to  this  book.  As  he  states,  this  text  is  now  the 
most  authoritative  compendium  of  its  type, 
an  assertion  with  which  I  would  fully  agree. 
The  contents  are  divided  into  three  parts,  the 
first  on  basic  pharmacology  and  therapeu- 
tics, the  second  on  the  classes  of  respiratory 
drugs,  and  the  third  on  clinical  applications 
and  applied  research. 

Part  I  begins  with  the  basic  definitions  of 
pharmacokinetics,  pharmacodynamics,  and 
pharmacotherapy.  The  ensuing  chapters  are 
specialized,  dealing  with  aerosol  delivery, 
bronchial  physiology,  mucokinelics,  and  air- 
way immunology.  Part  II  comprises  about 
half  the  volume,  describing  in  detail  the 
properties  and  uses  of  adrenergic  agents,  an- 
timuscarinic  drugs,  methylxanthines,  corti- 


costeroids, mucolytics,  antitussives,  antihis- 
tamines, and  antimicrobial  agents  employed 
in  respiratory  medicine.  At  the  close  of  the 
section  a  chapter  on  new,  emerging,  and  ex- 
perimental therapies  is  provided.  Part  III 
contains  three  chapters  on  rather  diverse 
subjects.  The  first  (Chapter  14)  considers  the 
main  pathophysiologic  changes  encountered 
in  bronchopulmonary  disease  and  the  clini- 
cal tests  employed  to  evaluate  responses  to 
pharmacotherapy.  The  second  (Chapter  15) 
discusses  airway  challenge  tests.  The  third 
chapter  of  Part  in  and  last  chapter  of  the 
book.  "Critical  Care  Pharmacology" 
(Chapter  16),  is  a  20-page  review  of  cardio- 
circulatory  failure  and  a  summary  of  the  car- 
diovascular drugs  used  in  life-threatening 
conditions.  In  such  a  brief  discussion,  there 
can  be  no  more  than  limited  reference  to  the 
pharmacodynamics,  toxicities,  and  con- 
traindications of  drugs  affecting  the  heart 
and  circulation.  An  adequate  bibliography  is 
provided,  however. 

A  few  useful  appendices  are  included 
that  relate  to  prescription  writing  and  dose 
calculation.  These  may  be  of  especial  bene- 
fit to  the  respiratory  care  practitioner.  Of 
particular  note  is  the  accuracy  of  the  struc- 
tural formulas  of  the  drugs;  the  only  error 
noted  is  the  spelling  of  bipyridines  (Page 
434). 

The  text  is  quite  readable,  and  is  liberally 
supplemented  with  tables  and  charts  defin- 
ing therapeutic  regimens.  The  work  is  too 
large  and  detailed  to  be  practicable  for  phar- 
macology courses  in  respiratory  care  pro- 
grams. However,  instructors  in  such  courses 
will  be  completely  informed  through  careful 
study  of  each  chapter.  As  a  reference  source 
for  physicians,  nurses,  and  therapists  in- 
volved in  respiratory  and  critical  care,  the 
book  is  unsurpassed. 

Hugh  S  Mathewson  MD 

Professor  Emeritus  of  Anesthesiology 

Professor  of  Respiratory  Care  Education 

University  of  Kansas  Medical  Center 

Kansas  City,  Kansas 
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AARC^s  1995  Professor^s  Rounds  in  Respiratory  Care 

Live  Satellite  Videoconferences 
That  Provide  Professional  Education  To 

RCPs  In  Your  Facility. 

And  You  Can  Earn  Up  to  Seven  Continuing  Education  Credits. 


Part  I  •  The  New  JCAHO  Hospital  Standards:  Their 
Effect  on  Respiratory  Care 

March  28.  12:3U  p.m.  to  2  p.m.  Eastern  Time — Nancy  Telford.  RRT  with  Moderator 
Sam  P.  Giordano.  MBA.  RRT 

The  new  1995  Accreditation  Manual  for  Hospitals  is  now  organized  around 
important  functions  that  impact  patient  outcomes.  With  this  redesign,  the  standards 
previously  contained  in  the  Respiratory  Care  Ser\'ices  Chapter  are  integrated  into 
the  functional  chapters.  Through  this  overview,  viewers  will  learn  about  standards 
related  to  competence  programs,  responsibilities  of  department  leaders  and  medical 
directors,  and  expectations  on  performance  improvement.  This  presentation  will 
also  review  the  interactive  survey  process  and  the  role  of  department  staff. 

Part  II  •  Prevention  and  Management  of  Ventilator- 
Induced  Lung  Injury 

April  25.  12:30  p.m.  to  2  p.m.  tastem  Time — David  J.  Pierson.  MD  with  Moderator 
Richard  D.  Branson.  RRT 

There  is  increasing  evidence  that  the  way  we  manage  mechanical  ventilation  affects 
the  incidence  and  severity  of  parenchymal  lung  injury  as  well  as  traditional  forms  of 
barotrauma  such  as  pneumothorax  and  bronchopleural  fistula.  This  presentation  will 
review  the  data  from  both  animal  experiments  and  clinical  experience,  and  will 
describe  our  current  concepts  of  the  pathophysiology  of  ventilator-induced  lung 
injury.  It  will  also  cover  practical  matters  such  as  how  to  identify  patients  at 
increased  risk  of  barotrauma,  measures  to  decrease  the  likelihood  of  this 
complication,  and  the  approach  to  management  of  bronchopleural  fistula  in  the 
ventilated  patient. 

Part  III  •  The  Multidisciplinary  Team  Approach  and 
Respiratory  Care 

June  20.  12:.^0p.m.  to  2  p.m.  Eastern  Time— Kevin  L.  Shrake.  MA.  RRT.  CHE  with 
Sam  P.  Giordano.  MBA.  RRT 

This  program  will  focus  on  what  respiratory  care  practitioners  must  do  to 
demonstrate  value  and  create  opportunity  in  the  changing  environment  of  health 
care.  Strategies  will  he  outlined  on  how  to  develop  a  professional  skills  inventory 
that  enhances  value  and  solidifies  job  security.  Restructuring  concepts  will  be 
presented  that  focus  on  developing  the  multiskilled  practitioner  capable  of 
functioning  on  a  variety  of  teams  throughout  the  continuum  of  health  care.  Advice 
will  also  be  provided  for  managers  who  want  lo  ptisition  themselves  as  a  member  of 
a  new  breed  of  "clinical  executives"  who  will  guide  the  future  of  integrated  health 
care  delivery  systems  in  the  United  States. 

Part  IV  •  Kmerj^ency  Respiratory  Care:  The  Respiratory 
Care  Practitioner  *s  Role 

July  19.  \2:M)  p.m.  to  2  p.m.  Eastern  Time— Charles  G  Durbin,  Jr.  MD.  FCCM 
with  Richard  D.  Branson.  RRT 

As  caregiver  roles  continue  to  blur,  many  new  tasks  will  fall  lo  the  most  prepared 
individual  in  the  emergency  care  setting,  regardless  of  profession.  Emergency 


defibrillation,  establishment  of  intravenous  access,  and  IV  and  endotracheal  drug 
administration  are  several  areas  in  which  RCPs  can  become  competent.  This  session 
will  review  some  of  the  new  approaches  to  emergency  care,  "tricks  of  the  trade"  in 
airway  maintenance,  and  changes  in  the  ACLS  philosophy  and  treatment  protocols. 
Methods  to  increase  RCP  participation  in  the  hospital  emergency  response  team  and 
the  obstacles  that  they  must  overcome  will  be  presented. 

Part  V  •  Noninvasive  Mechanical  Ventilation:  Its  Role  in 
Acute  and  Chronic  Ventilatory  Failure 

August  2.  12:30  p.m.  to  2;  p.m.  Eastern  Time — Nicholas  S.  Hill.  MD  with  Richard 
D.  Branson,  RRT 

Although  techniques  of  noninvasive  mechanical  ventilation  (assisting  alveolar 
ventilation  without  an  artificial  endotracheal  airway)  have  been  with  us  for  decades, 
recent  developments  have  greatly  increased  their  applicability.  This  presentation 
will  briefly  review  the  history  of  noninvasive  ventilation,  describe  modalities  of 
noninvasive  ventilation  currently  available,  and  discuss  the  advantages  and 
disadvantages  of  the  various  types.  Results  of  studies  on  acute  and  chronic 
respiratory  failure  will  be  reviewed  and  acceptable  indications  for  use  of 
noninvasive  ventilation  will  be  described.  Considerations  for  selecting  appropriate 
patients  and  techniques  of  initiation  and  monitoring  of  noninvasive  ventilation  will 
also  be  discussed. 

Part  VI  •  Organizing  a  Respiratory  Care  Department 
without  Walls 

September  19.  12:30  p.m.  to  2  p.m.  Eastern  Time— John  R.  Walton.  MBA.  MHA. 
RRT.  CHE  with  Sam  R  Giordano,  MBA.  RRT 

With  hospitals  reengineering  in  advance  of  federal  health  reform,  the  successful 
respiratory  care  service  must  be  poised  to  follow  the  flow  of  the  patient  Irom  the 
acute  hospital  through  alternate  sites.  Providing  respiratory  care  in  skilled  nursing 
facilities,  ambulatory  clinics,  and  the  home  will  require  a  new  breed  of  respiratory 
care  practitioner  willing  and  able  to  advance  beyond  the  acute  care  hospital  walls. 
This  "Professor's  Rounds"  will  discuss  how  to  establish  respiratory  services  in  the 
post-acute  setting  using  examples  of  a  successful  respiratory  care  service 
established  in  a  subacute,  skilled  nursing  facility. 

Part  VII  •  Shortening  Length  of  Stay  on  Ventilators  and 
in  Hospitals 

November  14,  12:30  p.m.  to  2  p.m.  Eastern  Time— Neil  R.  Maclniyrc.  MD  with 

RichardD.  Branson.  RRT 
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disease  spccihc  taclors  o\  vcniil.iti' 

and  gas  exchange  difficulties  as  wo 

underlying  cardiorespiratory  diseas 

length  of  slay.  The  program  will  also  discuss  ventilation  management  issues  and 

complications  such  as  pneumothorax,  imposed  work  from  ventilator  settings  and 

equipment,  aspiration  pneumonia,  nutrition,  and  fluid  bala 

to  unnecessary  duration  of  mechanical  ventilatory  support 


ilo.id. 


ir  depcndeni  and  ihe 
ical  dyslunctum. 
s^Lission  of  nia\nni/mg  therapy  for  the 
niponcnt  in  shortening  the  patient's 


*  that  I. 


niribule 


Register  Early — by  January  27 — and  Receive  a  10%  Discount 

For  Registration  Information,  Contact  VHA  Satellite  Network, 

AAR(>  Videoconferences,  Attn:  Registration  SATNET  4, 
P.O.  Box  14()909,  Irving,  TX  75014-0909,  or  call  (214)  830-0061 
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AARC  Membership. . . 

Your  Ticket  To  Success  In  Respiratory  Care 


Membership  benefits  of  the  American 
Association  for  Respiratory  Care 

Much  of  the  support  you  give  to  the  AARC 
goes  toward  advancement  of  the  profession. 
For  instance,  did  you  l<now  that  through  the 
efforts  of  the  AARC: 

Over  two-thirds  of  the  states  now  require 
that  respiratory  care  practitioners  become 
legally  credentialed  by  the  state.  These  laws, 
which  protect  patients  and  practitioners 
alike,  were  passed  because  of  hard  work  by 
the  AARC  and  its  members. 

We  assisted  the  federal  government  in 
gathering  information  on  the  costs  of 
hospital  versus  home  respiratory  care.  Our 
involvement  in  projects  like  this  strengthens 
our  image  in  Washington  as  patient 
advocates. 

Respiratory  Care  Journal 

The  foremost  science  journal  in  the 
respiratory  care  profession,  publishing 
original  research,  case  reports,  book 
critiques,  letters,  and  monthly  features  on 
chest  radiographs,  pulmonary  function  tests, 
and  blood  gas  analysis. 

AARC  Times  Magazine 

The  premier  news  and  feature  magazine  of 
the  profession  with  management  tips, 
educational  articles,  human  interest  features, 
how-to  articles,  and  reports  on  current 
government  trends. 

AARC  Report 

A  monthly  newsletter  with  fast-breaking 
news  about  the  Association  and  other 
professional  activities. 

Government  Representation 

A  full-time  director  of  government  affairs 
works  for  you  in  Washington,  DC,  and  helps 
the  Association  leaders  plan  strategies  for 
introducing  legislation  and  influencing 
regulatory  activities  on  reimbursement 
issues,  research  projects,  consumer 
protection,  smoking  laws  and  more. 

State  Government  Affairs 

The  AARC's  director  of  state  government 
affairs  works  with  the  AARC's  affiliates  to 
bring  licensure  on-line  in  all  50  states  and  to 
help  strengthen  current  acts.  The  AARC 
supports  its  chartered  affiliates  financially  in 
these  endeavors  through  grant  and  loan 
programs.  In  addition,  emphasis  is  placed  on 
assisting  with  other  issues  on  the  state  level. 
These  include  health  reform  bills,  laboratory 
issues,  long-term  care,  and  Medicaid 
concerns. 


Continuing  Education 

The  continuing  Respiratory  Care  Education 
(CRCE)  system  approves  and  accredits 
educational  programs  and  provides  you  with 
a  transcript  of  all  your  continuing  education 
activities  to  use  as  proof  of  attendance  at 
educational  meetings. 

Educational  Aids 

Individual  Independent  Study  Packages  are 
self-  study  modules  on  30  different  clinical 
topics.  Topics  on  clinical  practice,  as  well  as 
a  series  on  smoking  cessation,  are  featured. 

Insurance 

No-cost  and  low-cost  insurance  programs 
are  part  of  AARC  membership.  You  receive 
$10,000  of  accidental  death  and 
dismemberment  insurance  free,  and  you 
receive  discounts  on  professional  liability 
insurance. 


Chapter  Affiliation 

joining  the  AARC  gives  you 
access  to  your  state  society  for 
respiratory  care.  In  this  way  you 
get  to  know  other  professionals 
in  your  area. 

Promotional  Support 

Promotional  items  for 
distribution  at  health  fairs  are 
made  available  at  discounted 
prices. 


Respiratory  Care  Week 

Each  year,  the  Association  sponsors  a 
national  recognition  week  for  its 
practitioners.  During  this  week,  hospitals 
recognize  the  work  of  respiratory  care 
practitioners  throughout  the  year,  and,  in 
addition,  many  RC  departments  sponsor 
special  activities  for  the  public  to  help  raise 
the  profile  of  the  profession. 

Specialty  Sections 

For  a  nominal  fee,  you  may  join  a  specialty 
section  of  ^le  AARC.  You  can  choose  sections 
on  management,  education,  adult  acute 
respiratory  care,  cardiopulmonary  science, 
perinatal-pediatrics,  continuing  care/ 
rehabilitation,  transport,  or  home  care. 

ECRl 

Discounts  are  extended  to  members  wishing 
to  order  ECRI's  publication.  Technology  for 
Respiratory  Therapy.  AARC  members  pay 
$45  for  an  annual  subscription,  one-half  off 
the  usual  subscription  price. 


Membership  Certificate 

With  your  membership  you  receive  a 
handsome  certificate  —  a  testimony  to  your 
professional  commitment  to  respiratory  care. 

Meetings 

AARC  meetings  bring  you  up-to-date  on  the 
state-of-the-art  in  respiratory  care.  AARC 
members  receive  a  discount  to  all  of  these 
meetings  sponsored  by  the  AARC  — 
including  the  Annual  Convention. 

Research  Reports 

The  AARC  prepares  and  publishes  reports  on 
a  variety  of  research  activities. 

Health  Promotion 

An  active  health  promotion  committee 
provides  you  with  resources  on  smoking 
cessation  and  wellness. 


Standards 

The  AARC,  as  a  standard-setting 
organization,  makes  available  copies  of  the 
position  statements  and  standards  it  writes. 

Clinical  Practice  Guidelines 

Recognizing  that  our  health  care  system  will 
require  even  more  accountability  and  validity 
in  the  future,  the  AARC  has  embarked  on  a 
multi-year  project  to  write  clinical  practice 
guidelines  for  all  respiratory  care  modalities. 

Product  Discounts 

The  AARC  regularly  reviews  products 
available  for  the  respiratory  care  professional 
and  negotiates  discounted  rates  for  the 
member. 

American  Association  for  Respiratory  Care 
11030  Abies  Lane,  Dallas,  TX  75229-4593 
(214)243-2272 

Fax  (214)  484-2720  or  (214)  484-  6010 


Notices 


Notices  of  competitions,  scholarships,  fellowships,  examination  dales,  new  educational  programs,  and  the  like  will  be  listed  here  free  of 
charge.  Items  for  the  Notices  section  must  reach  the  Journal  60  days  before  the  desired  month  of  publication  (January  1  for  the  March  issue. 
February  1  for  the  April  issue,  etc).  Include  all  pertinent  information  and  mail  notices  to  RE.SPIRATORY  CARE  Notices  Dept.  1 1030  Abies 
Lane.  Dallas  TX  75229-4593. 


The  American  Respiratory  Care  Foundation  Announces 
Literary  Awards  for  1994 


Dr  Allen  DeVilbiss  Award 

Best  paper  published  from  November  1993  through 
October  1994  that  addresses  new  technology  or  a  new  ap- 
plication of  current  technology  in  respiratory  care 
($2,000  cash  plus  travel  expenses  to  the  AARC  Annual 
Meeting  to  receive  the  award) 

A  New  Respiratory  Monitor  That  Enables  Accurate 
Measurement  of  Work  of  Breatiiing:  A  Validation  Study — 
Paul  B  Blanch  BA  RRT  and  Michael  J  Banner  PhD 
IRespirCare  1994:39{9):897-9051 


Kelly  Jager  RRT,  Martin  Tweeddale  MB  PhD,  and 
Tammy  Holland  RRT  [RespirCare  1994;39(9):892-896] 


Best  Papers  Submitted  by  1994  OPEN  FORUM 
Participants  Who  Have  Never  Published  As  First  Author 

($500) 

(1)  Pulmonary  Response  to  an  Inhaled  Bronchodilator  in 
Infants  with  Suspected  Airway  Reactivity — William  J 
Holt  RRT  RPFT 


1994  Allen  &  Hanburys  Award 

Best  Original  Paper  Accepted  for  Publication  from 
November  1993  through  October  1994  ($2,000) 


(2)  Benefits  Associated  with  a  Respiratory  Care 
Assessment-Treatment  Program:  Results  of  a  Pilot 
Study— Kevin  L  Shrake  MA  RRT,  John  E  Scaggs  BS 
RRT,  Kevin  R  England  BA,  Joseph  Q  Henkle  MD,  and 
Lanie  E  Eagleton  MD 


Respiratory  System  Behavior  during  Mechanical  Inflation 
with  Constant  Inspiratory  Pressure  and  Flow — Robert  L 
Chatburn  RRT,  Mohamad  F  El-Khatib  MS,  and  Paul  G 
Smith  DO  [RespirCare  I994:,39(  in):979-988] 


2  Papers  Based  on  any  OPEN  FORUM  Presentation 
($1,000) 

(1 )  Prediction  and  Assessment  of  Bronchodilator  Response 
in  Mechanically  Ventilated  Patients — Patricia  J  Wollam 
RRT,  Carol  L  Kasper  RRT,  Michael  J  Bishop  MD.  and 
David  J  Pierson  MD  [RespirCare  1994;39(7):73()-735| 

(2)  Flow-Triggering  Does  Not  Decrease  the  Work  of 
Breathing  and  Pressure-Time  Product  in  COPD  Patients — 


Radiometer  Awards  for  Best  Features 

PFT  Comer  #52 — Cardiopulmonary  Exercise  Testing  in 
the  Preoperative  Evaluation  of  Patients  with  Lung  Cancer 
by  DeeAnn  Miller  RRT  and  Jeff  Wilson  MD  [Respir  Care 

1994;39(7):757-761[(Siii) 

Test  Your  Radiologic  Skill — Hemoptysis  and  Dyspnea  in 
a  Young  Woman  by  Paul  Lange  MD,  Kevin  McCarthy 
RCPT,  James  K  Stoller  MD,  and  Daniel  Laskowski  RPFT 
[RespirCare  1994;39(3):242-249[  ($333) 

Test  Your  Radiologic  Skill — Radiographic  Findings  in  a 
Blunt  Trauma  Patient  by  Grace  Nadell  BS  and  Frederick 
W  Clevenger  MD  [RespirCare  1993;38(12):1423-1427[ 
($333) 
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1995  Call  for  Abstracts 


Respiratory  Care  •  Open  Forum 


The  American  Association  for  Respiratory  Care  and  its  sci- 
ence journal.  Respiratory  Care,  invite  submission  of  brief 
abstracts  related  to  any  aspect  of  cardiorespiratory  care.  The 
abstracts  will  be  reviewed,  and  selected  authors  will  be  invit- 
ed to  present  papers  at  the  OPEN  FORUM  during  the  AARC 
Annual  Meeting  in  Oriando,  Florida,  December  2-5,  1995. 
Accepted  abstracts  will  be  published  in  the  November  1995 
issue  of  Respiratory  Care.  Membership  in  the  AARC  is 
not  necessary  for  participation. 

SPECIFICATIONS— READ  CAREFULLY! 

An  abstract  may  report  ( 1)  an  original  study,  (2)  the  evalua- 
tion of  a  method  or  device,  or  (3)  a  case  or  case  series. 

Topics  may  be  aspects  of  adult  acute  care,  continuing 
care/rehabilitation,  perinatology/pediatrics,  cardiopulmonary 
technology,  health-care  delivery.  The  abstract  may  have 
been  presented  previously  at  a  local  or  regional — but  not  na- 
tional— meeting  and  .should  not  have  been  published  previ- 
ously in  a  national  journal.  The  abstract  will  be  the  only  evi- 
dence by  which  the  reviewers  can  decide  whether  the  author 
should  be  invited  to  present  a  paper  at  the  OPEN  FORUM. 
Therefore,  the  abstract  must  provide  all  important  data,  find- 
ings, and  conclusions.  Give  specific  infonnation.  Do  not 
write  such  general  statements  as  "Results  will  be  presented" 
or  "Significance  will  be  discussed." 


Abstract  Format  and  Typing  Instructions 

Accepted  abstracts  will  be  photographed.  First  line  of  abstract 
should  be  the  title  in  all  capital  letters.  Title  should  explain 
content.  Follow  title  with  names  of  all  authors  (including  cre- 
dentials), institutions(s),  and  location.  Underline  presenter's 
name.  Type  or  electronically  print  the  abstract  single  spaced 
in  the  space  provided  on  the  abstract  blank.  Insert  only  one 
letter  space  between  sentences.  Text  submission  on  diskette  is 
encouraged  but  must  be  accompanied  by  a  hard  copy. 
Identifiers  will  be  masked  (blinded)  for  review.  Make  the  ab- 
stract all  one  paragraph.  Data  may  be  submitted  in  table  form 
and  simple  figures  may  be  included  provided  they  fit  within 
the  space  allotted.  No  figures,  illustrations,  or  tables  are  to  be 
attached  to  the  abstract  form.  Provide  all  author  infonnation 
requested  at  the  bottom  of  abstract  form.  A  clear  photocopy  of 
the  abstract  may  be  used.  Standard  abbreviations  may  be  em- 
ployed without  explanation.  A  new  or  infrequently  used  ab- 
breviation should  be  preceded  by  the  spelled-out  term  the  first 
time  it  is  used.  Any  recurring  phrase  or  expression  my  be  ab- 
breviated if  it  is  first  explained.  Check  the  abstract  for  ( I )  er- 
rors in  spelling,  grammar,  facts,  and  figures;  (2)  clarity  of  lan- 
guage; and  (3)  conformance  to  these  specifications.  An  ab- 
stract not  prepared  as  requested  may  not  be  reviewed. 
Questions  about  abstract  preparation  may  be  telephoned  to 
the  editorial  staff  of  RESPIRATORY  CARE  at  (214)  243-2272. 


Essential  Content  Elements 


Deadline  Allowing  Revision 


An  original  study  abstract  must  include  ( I )  Introduction: 
statement  of  research  problem,  question,  or  hypothesis;  (2) 
Method:  description  of  research  design  and  conduct  in  suffi- 
cient detail  to  permit  judgment  of  validity;  (3)  Results:  state- 
ment of  research  findings  with  quantitative  data  and  statisti- 
cal analysis;  (4)  Conclusions:  interpretation  of  the  meaning 
of  the  results.  A  method/device  evaluation  abstract  must 
include  ( 1 )  Introduction:  identification  of  the  method  or  de- 
vice and  its  intended  function;  (2)  Method:  description  of 
the  evaluation  in  sufficient  detail  to  permit  judgment  of  its 
objectivity  and  validity;  (3)  Results:  findings  of  the  evalua- 
tion; (4)  Experience:  summary  of  the  author's  practical  ex- 
perience or  a  lack  of  experience;  (5)  Conclusions:  interpre- 
tation of  the  evaluation  and  experience.  Cost  comparisons 
should  be  included  where  possible  and  appropriate.  A  case 
report  abstract  must  report  a  case  that  is  uncommon  or  of 
exceptional  teaching/learning  value  and  must  include  ( I )  pa- 
tient data  and  case  summary  and  (2)  significance  of  case. 
Content  should  reflect  results  of  literature  review.  The  au- 
thor(s)  should  have  been  actively  involved  in  the  case  and  a 
case-managing  physician  must  be  a  co-author  or  must  ap- 
prove the  report. 


Authors  may  choose  to  submit  abstracts  early.  Abstracts  re- 
ceived by  March  15  will  be  reviewed  and  the  authors  notified 
by  April  22.  Rejected  abstracts  will  be  accompanied  by  a 
written  critique  that  should  in  many  cases  enable  authors  to 
revise  their  abstracts  and  resubmit  them  by  the  final  deadline 
(May  27). 

Final  Deadline 

The  mandatory  Final  Deadline  is  May  27  (postmark). 
Authors  will  be  notified  of  acceptance  or  rejection  by  letter 
only — to  be  mailed  by  August  15. 

Mailing  Instructions 

Mail  (Do  not  fax!)  2  clear  copies  of  the  completed  abstract 
form  and  a  stamped,  self-addressed  postcard  (for  notice  of 
receipt)  to: 

RESPIRATORY  CARE  OPEN  FORUM 

1 1030  Abies  Lane 

Dallas.  TX  75229-4593 
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995  Respiratory  Care  Open  Forum 

Abstract  Form 


13,9  cm  or  5,5" 


1 .  Title  must  be  in  all  upper 
case  (capital)  letters, 
authors"  full  names  and 
text  in  upper  and  lower 
case. 

2.  Follow  title  with  all 
authors"  names  including 
credentials  (underline 
presenter" s  name),  institu- 
tion, and  location. 

3.  Do  not  justify  (ie,  do 
leave  'ragged"  right 
margin). 

4.  Do  not  use  type  size  less 
than  10  points.  (See 
reduction  samples 
below.) 

5.  All  text,  tables,  and 
figures  must  fit  into  the 
rectangle  show  n. 

6.  Submit  2  clean  copies. 
This  fomi  may  be  photo- 
copied if  multiple 
absu-acts  are  to  be 
submitted. 


Mail  original  & 

I  photocopy 

(along  with  postage-paid 

postcard)  to 

Respiratory  Care 
Open  Forum 

11030  Abies  Lane 
Dallas  TX  75229-4593 


Early  deadline  is 

Marcli  15.  1995 

i abstract  received) 

Final  deadline  is 

May  27.  1995 

( abstract  postmarked) 


Presenter's  Name  &  Credentials 


Presenter's  Mailing  Address 


Presenter's  Voice  Phone  &  Fax 


Corresponding  Author's  Name  &  Credentials 


Corresponding  Author's  Mailing  Address 


Corresponding  Author's  Voice  Phone  &  Fax 


This  is  14-point  type,  with 
necessary  reduction. 


This  is  12-point  type,  with 
necessary  reduction. 


This  IS  lO-poinl  type, 
with  necessary  reduction. 


This  IS  9-poii 
ilti  necessaiy 
(loo  small') 


Not-for-profit  organizations  are  offered  a  free  advertisement  of  up  to  eight  lines  to  appear,  on  a  space-available  basis,  in  Calendar  of  Events  in 
Respiratory  care.  Ads  for  other  meetings  are  priced  at  $5,50  per  line  and  require  an  insertion  order.  Deadline  is  the  20th  of  the  month  two 
months  preceding  the  month  in  which  you  wish  the  ad  to  run.  Submit  copy  and  insertion  orders  to  Calendar  of  Events.  RESPIRATORY  CARE. 
1 1031)  Abies  Lane.  Dallas  TX  75229-4593. 


Calendar 
of  Events 


AARC  &  AFFILIATES 


OTHER  MEETINGS 


December  9  in  Las  Vegas,  Nevada.  The  AARC  and  its 

Board  of  Medical  Advisors  present  a  postgraduate  course 
for  medical  directors  and  other  physicians  the  day  before 
the  Annual  Meeting.  The  program  is  approved  for  6 
Category  I  credit  hours  of  the  Physician's  Recognition 
Award  of  the  American  Medical  Association.  Lecture 
topics  include  ethical  dilemmas  in  the  ICU,  TB  as  an 
occupational  hazard,  cost-effective  management  of  criti- 
cal illness,  and  all  aspects  of  providing  respiratory  care  by 
protocol.  Contact  the  AARC  at  (214)  243-2272  or  fax 
(214)  484-2720  to  request  that  a  complete  course  descrip- 
tion and  registration  form  be  sent  to  your  medical  director 
or  other  interested  physician. 

December  10-13  in  Las  Vegas,  Nevada.  The  AARC  pre- 
sents its  40th  Annual  Convention  and  Exhibition,  "A  New 
Vision,"  at  the  Las  Vegas  Convention  Center.  For  informa- 
tion, contact  the  AARC  at  (214)  243-2272,  fax  (214)  484- 
2720. 

February  14-17, 1995  in  Reno,  Nevada.  The  NSRC  and 

the  American  Lung  Association  of  Nevada  present  the  I4th 
Annual  High  Sierra  Critical  Care  Conference  at  the  Pepper- 
mill  Hotel/Casino.  The  4-day  conference  covers  critical  care 
topics  in  adult,  pediatric,  and  neonatal  medicine.  Contact 
Colleen  Banghart,  American  Lung  Association  of  Nevada, 
PO  Box  7056,  Reno  NV  895 10. 

February  16-17,  1995  in  Atlanta,  Georgia.The 

Perinatal/Pediatric  Committee  of  the  GSRC  announces  a 
perinatal/pediatric  review  course  at  Piedmont  Hospital. 
Contact  David  Ellwanger,  Respiratory  Care  Services, 
Piedmont  Hospital,  1968  Peachtree  Rd.,  Atlanta,  GA 
30309,  (404)  605-3657. 

March  12-15, 1995  in  Denver,  Colorado.  The  AARC  and 
the  National  Jewish  Center  for  Immunology  and  Respiratory 
Medicine  announce  the  call  for  abstracts  for  the  5th 
International  Conference  on  Pulmonary  Rehabil-itation  and 
Home  Ventilation  at  the  Hyatt  Regency  Hotel.  The  abstract 
deadline  for  poster/oral  presentations  on  original 
research/clinical  observations  is  Nov  30,  1994.  Pre-  and 
post-conference  postgraduate  workshop  topics  include  pul- 
monary rehabilitation,  home  ventilator  care,  respiratory 
sleep  disorders,  nicotine  dependency  treatment,  and  transtra- 
cheal oxygen.  The  program  is  endorsed  by  the  American 
College  of  Chest  Physicians;  program  chairman  is  Barry 
Make  MD.  Contact  the  National  Jewish  Office  of 
Professional  Education  at  (303)  398-1000. 


February  5-8,  1995  in  Breckenridge,  Colorado.  The 

American  College  of  Chest  Physicians  sponsors  "Cardio- 
pulmonary Wellness  and  Rehabilitation"  at  The  Village 
at  Breckenridge  Resort.  Contact  Arlene  Karavich, 
American  College  of  Chest  Physicians,  3300  Dundee  Rd, 
Northbrook  IL  60062-2348.  (708)  498-1400. 

February  27-March  3,  1995  in  Keystone,  Colorado. 

The  Extracorporeal  Life  Support  Organization  announces 
the  11th  Annual  Children's  National  Medical  Center 
ECMO  Symposium.  Featured  topics  include  lung  trans- 
plants for  the  ECMO  population,  postoperative  ECLS  for 
the  cardiac  patient,  clinical  and  research  issues  of  liquid 
ventilation,  and  nitric  oxide.  Contact  Cynthia  Poindexter 
at  (202)  884-5018. 

April  1-7,  1995  in  Miami,  Florida.  The  Ventilation 
Assisted  Children's  Center  (VACC)  of  the  Division  of 
Pediatric  Pulmonology  in  Miami  Children's  Hospital 
hosts  its  annual  VACC  Camp  for  ventilation  assisted 
children  and  their  families.  The  program  includes 
swimming,  field  trips,  structured  games,  and  campsite 
entertainment.  The  campsite,  the  Leisure  Access 
Center  at  metro  Dade  county's  AD  Barnes  Park,  is  a 
handicapped-accessible  urban  park  located  2  miles 
from  the  hospital.  Medical  staff  and  equipment  are 
available  24  hours-a-day.  Contact  Cathy  Klein, 
VACC  Program  Coordinator,  Division  of  Pediatric 
Pulmonology,  Miami  Children's  Hospital,  Suite  203, 
3200  SW  60  Court,  Miami  FL  33 155-4076.  (305)  662- 
VACC. 

May  5-7,  1995  in  Atlanta,  Georgia.  The  Egleston 
Children's  Hospital  ECMO  Program  sponsors  the  5th 
Annual  Southeastern  ECMO  Conference  at  the  Westin 
Peachtree  Plaza.  The  conference  is  designed  specifically 
for  the  ECMO  technical  specialist.  Contact  Michelle 
Heard,  RN,  at  (404)  315-2593. 


American  Association  for  Respiratory  Care 

40th  Annual  Convention  and  Exhibition 

December  10-13,  1994  •  Las  Vegas,  Nevada 
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I    Type  of  lnstr\/Pfactice 

1  J  Hosp  >  500  or  more  beds 

2  -I  Hosp  300  to  499  beds 

3  J  Hosp  200  to  299  beds 

4  J  Hosp  100  10  199  beds 

5  _J  Hosp  <  100  or  less  bed 

6  LI  Skilled  Nursing  Facility 

7  _1  Home  Care  Practice 
8-  J  School 

II  Department 

A.  J  Respiratory  Therapy 
B  J  Cardiopiilmonary 
C  J  Anesthesia  Service 
D  J  Emergency  Depl 

III  Specially 

1.  J  Clinical  Practice 

2  J  Pennatal  Pediatncs 

3  J  Cntical  Care 

4  J  Clinical  Research 

5  J  Pulmonary  Function  Lab 

6  J  Home  Care/Rehab 

7  J  Education 

8  J  l^rianagement 
IV. Position 

A  J  Dept  Head 
B  J  Chiel  Therapist 
C  J  Supervisor 
D.  J  Staff  Technician 
E  J  StaH  Therapist 
F  J  Educator 
G  J  Medical  Director 
H  J  Anesthesiologist 
I    J  Pulmonologist 
J   a  Other  MD 
K.  J  Nurse 


3  Yes 


J  No 


Type  of  Insln/Practice 

3  Hosp  >  500  or  more  beds 
'  3  Hosp  300  to  499  beds 
1  LI  Hosp  200  to  299  beds 

DHosp  100  to  199  beds 
I  J  Hosp  <  100  or  less  bed 
I   D  Skilled  Nursing  Facility 

G  Home  Care  Practice 
1  D  School 

Department 
I  J  Respiratory  Therapy 
i  D  Cardiopulmonary 
;  Q  Anesthesia  Service 
).  D  Emergency  Dept 
I.  Specialty 

3  Clinical  Practice 
'  LJ  Pennatal  Pediatncs 
I   J  Cntical  Care 

J  Clinical  Researcti 
I  D  Pulmonary  Function  l^b 
I   J  Home  Care/Rehab 

"J  Education 
1   J  Management 
</  Position 
I  Zl  Dept  Head 
I  J  Chief  Therapist 
;  J  Supen/isof 
)  J  Slaff  Technician 
;  _l  Staff  Therapist 

J  Educator 
]  J  Medical  Director 
\  J  Anesthesiologist 

J  Pulmonologist 

-J  Other  MD 


r  of  tl 


5  AAF 


J^ 


Information  Requests  or 
Change  of  Address 


Please  complete  the  card  below 

AARC  Membership  No.   

Old  Address 

Name  

Street  


City/State/Zip 
New  Address 
Street  


City/State/Zip 


Check  the  boxes 
below  for  information 
from  the  AARC 

CJ   Change  of  address 
G   AARC  IVlembership 
Info 

a   AARC  Catalog 

□   AARC  Position 
Statement 


BUSINESS  REPLY  MAIL 

FIRST-CLASS  MAIL    PERMIT  NO.  604    RIVERTON,  NJ 


POSTAGE  WILL  BE  PAID  BY  ADDRESSEE 

AARC  PUBLICATIONS 
PO  BOX  1856 
RIVERTON  NJ  08077-9456 


NO  POSTAGE 

NECESSARY 

IF  MAILED 

IN  THE 

UNITED  STATES 


Use  these 
cards  to 
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BUSINESS  REPLY  MAIL 

FIRST-CLASS  MAIL    PERMIT  NO.  604     RIVERTON,  NJ 


POSTAGE  WILL  BE  PAID  BY  ADDRESSEE 

AARC  PUBLICATIONS 
PO  BOX  1856 
RIVERTON  NJ  08077-9456 


NO  POSTAGE 

NECESSARY 

IF  MAILED 

IN  THE 

UNITED  STATES 


issue. 
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Return  Address 


Place 
Stamp 
Here 


AMERICAN  ASSOCIATION  FOR 
RESPIRATORY  CARE 
11030  ABLESLN 
DALLAS  TX   75229-4593 


ll.nl. 1,1... MmI.IM.mImI.I.I. I.I,.. .Ilnl.ill 


CPAP 


Always 

A  Step  Ahead! 

Evita  makes  work  of  breathing 
even  easier! 


Occlusion-pressure 


10= ■ =  . 

0  1  2 


Intrinsic  PEEP 


Now  Drager  provides  you  with  two  more 
powerful  tools  to  optimize  weaning  of  your 
patients. 

Introducing  Flowtrigger  without  increase  of 
expiratory  resistance,  combined  with  P01 
measurement  to  determine  the  patients 
ventilatory  drive. 

To  extend  monitoring  capabilities  Evita  now 
includes  the  ability  to  measure  Intrinsic 
Peep  with  the  display  of  Trapped  Volume. 

With  Drager  you  can  stay  one  step  ahead  in 
providing  safe,  patient  friendly  ventilation. 
For  the  difference  your  patients  can  feel, 
choose... 

Drager:  Technology  for  Life 


Drager 

Technology  for  life 

4101  Pleasant  Valley  Road     Suite  100     Ctiantilly.  VA  22021 
Tel  (703)  817-0100     Fax  (703)  817-0101 

Circle  101  on  reader  service  card 


RESPIRADYNE^n 

PLm 

PULMONARY   FUNCTION/VENTILATION   MONITOR 
jf^^ Graphic  Printouts... Multi-Patient  Memory... and  Easy  to  Use 

Results-Oriented  Features  At  Cost  Effective  Prices 

■  New  Graphic  Forced  Vital  Capacity  (FVC)  document  printout  of  Flow  vs  Volume  and 
Volume  vs  Time  ■  New  10  patient  memory  with  8  pre-bronchodilator  and  8  post- 
bronchodilator  tests  per  patient  and  automatic  calculation  of  %  change  ■  New  customizing 
software  package  ■  New  Slow  Vital  Capacity  (SVCI  monitoring  ■  Automatic  determination 
of  "best  test     ■  Knudson.  ITS  and  ECCS  reference  nomograms  ■   Easy  to  operate 


Performs  A  Complete  Range  Of  Ttest  Measurements 

Forced  Exhalation  Parameters 

■  Forced  Vital  Capacity  (FVC)  ■  Forced  Expiratory  Volume  in  One  Second  (FEV,) 

■  FEV, /FVC  Ratio  ■  FVC  Time  ■  Peak  Flow  ■  Forced  Expiratory  Flow  Between  25% 
and  75%  of  Vital  Capacity  IFEF  2s-7s  J  ■   Percent  Extrapolated  Volume  (Vol.  ,\tra  J 

Weaning/ Extubation  Parameters 

■  Respiratory  Rate  (RR)  ■  Tidal  Volume  (TV)  ■  Minute  Volume  jMV)  ■  Slow  Vital 
Capacity  (SVC)  ■  Maximum  Voluntary  Ventilation  (MVV)  ■   Negative  Inspiratory 
Force  (NIF) 


For  further  information,  call: 


1  800-325-7472  (outside  Missouri) 


1-800-392-73 18  (in  Missouri) 


A  Bheriuood 

^^ ueoicni 


Circle  157  on  reader  service  card 


